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ABSTRACT 


This report presents detailed analyses of energy use in the 368 
commercial and industrial sectors of the U. S. economy in 1963, and of 
intersector dependence in energy terms. Besides direct use, full atten- 
tion is paid to the flow of non-energy goods and the energy thereby 
implied. The approach, which is based on energy Input-Output analysis, 
is described. Results: In Section 2, sectors are ranked according to 
several energy-use criteria: 1) direct energy use, 2) energy intensity 
of the sector's output, and 3) energy required in the actual economy 
to provide the sector's total deliveries to final demand. In Section 


3, a detailed energy accounting of all inputs is given for each sector. 
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1. INTRODUCTION 

This report presents detailed analyses of energy use in the commercial 
and industrial sectors of the U.S. economy. Detailed energy flow tables 
are presented for over 360 sectors, and the relationships between them are 
expressed in terms of energy. 

These results are based on a preVious study[1] in which the energy 
intensity of each sector's cutput was determined. Energy intensity is de- 
fined as the amount of energy required, directly and indirectly, to produce 
a dollar's worth of a particular good or service. Since it is measured 
in Btu/$, it can be used to convert dollar flows to energy flows. 

The most detailed data on the interrelationships among commercial and 
industrial sectors of the economy are from input-output studies by the U.S. 
Department of Commerce [2]. In this report we transform those relationships 
(expressed in dollars) into energy terms, and construct a picture of energy 


flow through each sector as shown in Fig. l. 


Typical 
Commercial Energy 
Ener ——— 
Bee ne or cone oe = Embodied 
in Inputs ector in Output 


Figure 1. A typical sector as an energy flow junction 


Thus, it is possible to view each sector as a junction in a complex 
system, where hundreds of inputs come together and are assembled in a certain 
manner to produce an output having a unique energy intensity. If there is 


leeway to substitute, replacing high energy intensity inputs with less energy 


intensive ones, an opportunity for energy conservation exists. If a firm 
cannot substitute among its inputs, it is potentially vulnerable to fuel 
supply disruptions in other sectors of the economy. This conservation- 
through-substitution may be compared with the "usual" form of conservation, 
j.e., through increased efficiency of energy use. 

For an individual firm this report contains information to help 
develop energy conservation plans, and to understand more fully its dependence 
on various types of energy. For policymakers, the report includes data 
showing where energy is consumed, and where conservation policies might effect 
substantial energy savings. 

Section 2 presents an overview of energy use in commerce and industry. 
The sectors are ranked according to several energy use criteria: 

1) direct energy use by the sector; 

2) energy intensity of the sector's output; 

3) energy required to provide the sector's total deliveries to final 

demand. 
Using this information the reader can identify those sectors most strongly 
dependent on certain fuels, and sectors where the potential for energy 
conservation is the greatest. 

Section 3 contains a detailed energy input analysys for each sector of 
the economy. Details of each sector's dependence on energy are shown, and 
the importance of energy in interindustry relationships is emphasized. 

These tables can serve as a baseline for development of energy conservation 
plans by individual firms. 

The energy intensities used in this report were taken from Reference 1. 
The methods for deriving them are reviewed in Appendix A. Since the latest 
data available are for 1963, all figures represent national average inter- 
industry relationships at that time. 

1.1 How to Use the Tables in this Report 

Table 1 lists the sectors analyzed in this report. It is reproduced 
from ref. 2 and contains the name of each sector and its corresponding 
sector number. The sector number is the key to locating the energy input 
analysis for a particular sector in Section 3. A typical energy input analysis 


(from Table 5) is explained in Section 3.2.2. 
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Tables 2, 3 and 4 contain the rankings which can serve as a basis for 
selecting certain sectors of interest. The sectors are listed by name and 


number to facilitate reference to Table 5. 


Industry Classification of the 1963 Input-Output Tables 


The underlined titles represent the croupings of industries used for the summary version of the 
1962 tubles and were also used in the 1958 and 1961 input-output tables prepared by the Office 
of Business Economics. : 


Related SIC codes 


Industry number and title (1957 edition) 


AGRICULTURAL, PORESTRY & PISHERTIES 


1 Livestock & livestock products 


1.01 Dairy farm products--------------------------------- 0132, pt. O14, pt. 02 
1.02 Poultry & ecgs-------------------------------------- 01335 pt. O14, ot. 02 
1.03 Meav, aninals & miscellaneous livestock products---- 0139, pt. O14, 0193, pt. 


0729, pt. 02 


2 Other agricultural products 


eon Cotton---------------------------------------------- 0112, pt. OLW, pt. 02 
2.02 Food feed grains & grass seeds---------------------- O13, pt. CLIO Mat. OL, 
2.03 Toba.cc0--------------------------------------------- pte 0119, pt. O14, pt. 02 
2.04 Fruits & tree nuts---------------------------------- O122 5 pt.OLk, pt. O2 
2.05 Vegetables, sugar & miscellaneous crops------------- 0123, pt. 0119, pt. O14, 
pte 02 
2.06 Oil bearing crops----------------------------------- pt. 0119, pt. O14, pt. 02 
2.07 Forest, greenhouse & nursery products---~----------- 0192, pt. O14, pt. 02 
3 Forestry & fishery products 
3.00 Forestry & fishery products------------------------- O74, 081, 082, 084, 086, 091 
4 icultural, forestry & fishery services 
4.00 Agricultural, forestry & fishery services----------- O71, 0723, O73. vt. G729, 
6&5, o58 
MINING 
2_iron & ferroalloy ores mining 
5.00 Iron & ferroalloy ores mining----------------------- 1011, 106 
6 Nonferrous metal ores mining 
6.01 Copper ore nining----------------------------------- 102 
6.02 Nonferrous metal ores mining, except copper--------- 103, 104, 105, 108, 109 
{Coal mining ; 
7.00 Coal mining---------------------<------------------- gly ibe) 
8 Crude petroleum & natural sas 
8,00 * Crude petroleum & natural gas----------------------- 1311, 1321 
9 Stone & clay rining & quarryinz 
9.00 Stone & clay mining & quarrying--------------------- LeSeke, abl aks, wks; who 
10 Chemicals & fertilizer mineral mining > 
10.00 Chemical & rertiliser mineral mining---------------- 147 
CONSTRUCTION 
Ji New construction 
11.01 New construction, residential buildings (nonfarm)--- pt. 15, pt. 16, pt. 17, 


pt. 6561 


1x 


i NC LC CLL LLL ALLEL LL LLL ALLE 


Related SIC codes 


Indust nunber and title 
me (1957 edition) 


11.02 New construction, nonresidential buildings---------- smptam) Sy pes 01 
11.03 New construction, public utilities----=-------<- <---- ‘pts 25, pte 16, pt. 17 
11.04 New construction, hig¢hways----------2-2----e--9------- pt. 16, pt. 17 
11.05 New construction, all other------------------------- mt. 15, pts 16, pt. 17, 138 
12 Maintenance & repair construction 
12.01 Maintenunce & reviir construction, residential 
buildings (nonfarm) -------------------------------- Hee 15, pb. 17 
12.02 Maintenance & repair construction, all other-------- pts 15, pts 16, pee If 
MANUFACTURING i 
13 Ordnance & accessories 
13.01 Complete (glided missiles~-==——-<--"==s<<<——e 5S Seoo e=- 1925 
13.02 Ammunition, except for small arms, Nee@eCe--------2-= 1929 
13.03 Tanks & tank componentS-------<9se-eeenn enna -- 1931 
13.04 Sighting & fire control equipment------------------- 1941 
13.05 Small armS<-----9-- 9-29 ose e nnn net rrr rns e nr 1951 
13.06 Small arms ammunition-----------+--------<---------- 1961 
13.07 Other ordnance & accessories---<------<----------9°" 1911, 1999 
14 Food & kindred products 
14.01 Meat product S--------------- ner enn nnn nena nanncennan= 201 
14.02 Creamery butter---<----------- 9-9 ere nn nn rrr nnn -- 2021 
14.03 Cheese, natural & processed------------------------- 2022 
14.04 Condensed & evaporated milk------------------------- 2023 
14.05 Ice cream & frozen desserts©------------------------ 202k 
14.06 Fluid milk-------------------------+----- 202 22-2---- 2026 
14.07 Canned & cured sea foods----------------2--9"-------- 2031 
14.08 Canned specialties-------------- nnn 9 nen n nnn 2032 
14.09 Canned fruits & vegetables-------------------------- 2033 
14,10 Dehydrated food products---------------- 2 ee nnn nnn n= 2034 
Uysal: Pickles, sauces & salad dressings------------------~ 2035 
14.12 Fresh or frozen packaged fish----------------------- 2036 
14.13 Frozen fruits & vegetables-------------------------- 2037 
14.14 Flour & cereal preparations------------------------- 2041, 2043, 2045 
Tats Prepared feeds for animals & fowls------------------< 20he 
14.16 Rice milling------------------------ 2920-22 2------- 20kh 
TS Ly Wet corn milling---------------------2-e--2----2---- 2046 
14.18 Bakery products---------------2---9 99s e renner nn nnn 205 
14.19 Bias See oe eae esac ewes a oee nea sce sea o=aa=naa== 200 
14.20 Confectionery & related products------=------------- 207 
14.21 Alcoholic beverages---------<---- n-ne nnn nnn nnn 2082-5 
14.22 Bottled & canned soft drinks------------------------ 2086 
14.23 Flavoring extracts & sirups, ne€.C. ---------<-------- 2087 
14.2h Cottonseed oil mills--------------------------"----- 2091 
14.25 Soybean oil mills-------------------------9--9- 9772" 2092 
14.26 Vegetable oil mills, nee.c. ------------------------ = 2093 
14.27 Animal & marine fats & oilS---------------------4--- 2094 
14.28 Roasted coffee------------ 222 oon nnn nnn nnn nnnrnne 2095 
14.29 Shortening & cooking oils--------------------------- 2096 
14.30 Manufactured ice--------9------2--- ener rn nnn nnn enn 2097 
14.31 Macaroni & spaghetti-------------------------------- 2098 
14. 32 Food preparations, Ne @+C. ------- nena nnn nnn nnn 2099 


ee ef 
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Industry number and title 


15 Tobacco manufactures 


Cigarettes, cigars, tC. --------------0------------- 
Tobacco stemming & redrying------- be wn nn nnn nnn nnn n= 


16 Broad & narrow fabrics, yarn & thread mills 
Broadwoven fabric mills & fabric Tinishing plants--- 
Narrow fabric mills--------<-------------<----<<----- 
Yarn mills & finishing of textiles, n.e.c.---------- 
Thread mills--------------------- 22-9 2-2 ------------ 


17 Miscellaneous textile goods & floor coverings 


Floor coverings---------<<9 9009-998 - anne nee 
Felt goods, Me Cs Ce ----- 9-2 a = - ~~ = == === 
lace £00dS--------9--- --- 22-22 2 =~ $= $= ~~ -- = - == - 
Paddings & upholstery fillings---------------------- 
Processed textile waste----------------------------- 
Coated fabrics, not rubberized---------------------- 
Tire cord & fabric------------<------<-------------- 
Scouring & combing plants------- eae ne eee ee eee 
Cordage & twine------------------------------------- 
Textile goods, Nee. Ce --- 2 nn nnn nn nnn nnn nnn n= 


18 Apparel 


19 Miscellaneous fabricated textile products 
Curtains & draperies-------------------------------- 
Housefurnishings, ne@eC. ---------------------------- 
Fabricated textile products, n.¢.c.----------~------- 


20 Lumber & wood products, except containers 
Logging camps & logging contractors----------------- 


Sawmills & planing mills, general------------------- 
Hardwood dimension & flooring----------------------- 
Special product sawmills, n.e.c.-------------------- 
VM aR aT er yy sm i a ee el wc 
Veneer & plywood------------------------------------ 
Prefabricated wood structures----------------------- 
Wood preserving------------------------------------- 
Wood products, neé. C. ------------------------------- 


21 Wooden containers 
Wooden containerS-----------<-22-- 2-202 en 2 n= =H = 


22 Household furniture 
Wood household furniture---------------<------------- 
Upholstered household furniture--------------------- 
Metal household furniture--------------------------- 
Mattresses & bedsprings---------<----<<-<=---- -rcclee 


23 Other furniture & fixtures 
Wood office furniture---<<---<<-<---92-------------- 
Metal office furniture--------<<-<----<0-------- == == 
Public building furniture--------------------<------ 
Wood partitions & fixtures-------------------------- 
Metal partitions & fixtures-----------<------------- 
Venetian blinds & shades---------------------------- 
Furniture & fixtures, n.€.Ce ----------9-----------=- 


xi 


Related SIC codes 
(1957 edition) 


Bids), CIS Oa) 
2141 


2211, 2221, 2231, 2261, 2262 
22h) 

2269, 2281-3 

2284 


ePol, Lape 

2253, 2254, 2259 
2256 

23 (exc. 239), 3992 


24.01 
24.02 
24.03 
eh. ol. 
24.05 
24.06 
al. O07. 


25.00 


26.01 
26.02 
26.03 
26.04 
26.05 
26.06 
26.07 
26.08 


27-01 
27-02 
27-03 
27-04 


28.01 


28.02 


28.03 
28.04 


29.01 
29.02 
29.03 


30.00 


31.01 
31.02 
31.03 


32.01 
32502 
32.03 


32.04 


33.00 


oh Paner & allied rroducts exce 


" Industry number and title 


»t containers & boxes 


Teneo) See I 
Peper mills, except) budding paper=———————- =a ao ae 
ietbonaleaatdl THAIS OS 
VAN RASA) KSI 
fSisholiliefahantZ qersholzre) yongtelol Bleich IOI 
Wallpaper & building paper & board mills------------ 


Converted paper, products n.e.c. except containers 
& DOXE S99 9-9 rrr 


2 Panerboard containers & boxes 


Paperboard) Concer ners! tei DORCS aaa 


26 Printing & publishing 


Newspapers - ------------n nnn nnn nnn nnn 
Periodicals------------=------- <9 9-9-9 2nrnne 
Book printing & publishing-----<-------=------==---=- 
Miscellaneous publishing---------------------------- 
(Coymnrssaostishil jongiake sale FS ee eS 


Manifold business forms, blankbooks & binders------- 
(Chifslensabales (Czket6l Fonblallatislals avs, 


WGicrereM ile balsyoOls) joneTbaeabaves fetes SS OI 


27 Chemicals & selected chemical products 


Industrial inorganic & organic chemicals-----------= 
Fertilizers------------- rr 
Mereiouulebhesit Cliente Miss, pal C6 SS SO OI 
Miscedtianeous chemical) producisq—--\— sa — smo o 


28 Plastics & synthetic materials 


AS EGOS twaheeSmsmsls) Co se Cb SS 
SymiG eres. GeO Cam ae 
(OETA WOOF) sabe eieKsles sealloysn eis II 
OngisahaslOy IUoSbHIS,, Ile WleSNALWOS MOS III 


29 Drugs, cleaning & toilet preparations 


DUES a a ea a ae 
(Cal Sevainbaver joneteyslene Seal OMS I II 
Moye I S15) yonedsy ove lo qte Me TE (O) MS) III III III 


30 Paints & allied products 


Paints & allied products-------------9----------- ---- 


31 Petroleun refining & related industries 


Petroleun refinine & related productS=-=----<=s--—-—-— 
Iehiabalse jwpigaibaels) Ce leo fel dy SII 
ASphallt) felts COatine see aaa a aa 


32 Rubber & miscellaneous plastics products 


Mores & anner tUubes=——-————<——<——— a a 
Rubber footvear---- 99-9 ra 


Reclaimed rubber & miscellaneous rubber preducts, 
Ne Ce Ce oo eee as ee eee esa eee eee a= =e ae a 


33 leather tanning < industriel leather products 


Leather tanning & industrial leather products------- 


xii 


Related SIC codes 
(1957 edition) 


2611 
2621 
2631 
2642 
2647 
2644, 2661 


26h1, 2643, 2645, 2646, 2619 


265 


e7k1 

Alpi siete 
2761, 2782 

2711 

21937 2eoy 210 


281 except 28195 
2871, 2872 

2879 

2861, 289 


283 
28h except 2844 
23hh 


2851 


2911, 299 
2051 


3031, 3069 
3072 


Subbts silent 


34.01. 
34.02 
34.03 


35-01 
35.02 


36.01 
36.02 
36.03 
36.04 
36.05 
36.06 
36.07 
36.08 
36.09 
36.10 
36. 11 
36.12 
36.13 
36.14 
36.15 
36.16 
36.17 
36.18 
36.19 
36.20 
36.P1 
36.22 


a7 501. 
37.02 
37-03 
37-04 


38.01 
38.02 
38.03 
38.04 
38.05 
38.06 
38.07 
38.08 
38.09 
38.10 
33. it 
mesc.12 
38.13 
38.14 


39.01 
39.02 


Industry number and title 


34 Footwoor & other leather products 


Footwear cut stock-------------------------------2-- 
Footwear except rubber------------------------------ 
Other leather products------------------------------ 


Glass & slass products 
Glass & glass products except containers-------~--~.. 
Glass containers-----------------------------------. 


36 Stone & clay projlucts 


Cement, hydrau! ie----------------------------------- 
Brick & structural clay tile-------------------- ‘=== 
Ceraric wall & floor tile--------------------------- 
Clay refractories----------------------------------- 
Structural clay products, n.e.c. -------------------- 
Vitreous plumbing fixtures-------------------------- 
Food utensils, vottery------------------------------ 
Porcelain electrical supplies----------------------- 
Pottery products, n.e€.C.---------------------------- 
Concrete block & brick------------------------~------ 
Concrete products, n.e.c.------------------------ o-- 
Ready-mixed concrete-------------------------------- 


Minerals, ground or treated------------------------- 
Mineral wool----------------------~------------------ 
Nonclay refractories-------------------------------- 
Nonmetallic mineral products, n.e.c. ---------------- 


3/ Primary iron & steel manufacturine 
Blast furnace & basic steel products--------------- 
Iron & steel foundries------------------------~----- 
Iron & steel forgings------------------------------- 
Primary metal products n.e.c. ----------------------- 


38 Primary nonferrous metals nanufacturing 


Primary copper-------------------------------------- 
Primary lead-----------------~---------.~~~---~.--.... 
Primary zine---------------------------------------- 
Primary aluminum-------------------~---~--~----..--- 
Primary nonferrous metals, n.e.c.-----------------~-- 
secondary nonferrous metals-----------------.--.._._ 
Copper rolling « drawing---------------------------- 
Aluminun rolling & drawing-------------------------- 
Nonferrous rolling & drawing, n.ec.c.---------------- 
Nonferrous wire drawing & insulating---------------- 
Aluminum castings~---------------------------------- 
Brass, bronze & copper castings-------------~-----.. 
Nonferrous castings, n.@.C@.--=------~-------~---.---- 
Nonterrous) Lorrie S——==———— =e nee eee eee eae 


39 Metal containers 


WERE RIES Se SS Sa eo oS OOO OS Seo Pee Sea 


xiid 


(1957 edition) 


3131 
314 


3151, 3161, 317, 3199 


Badd. 5ee9,) Sool 
3221 


32u1 
See 
3253 
3255 
3259 
3261 
3262, 3263 
3264 


3334, 28195 
aoae 
331 
B epi 
3322 
3356 
333 
3361 
3362 


Related SIC codes 


i 


Related SIC codes 


Industry number and title (1957 edition) 


Lo Heating, plumbing & fabricated structural metal products 


40.01 Metal sanitary ware ----ccec conser r eran crt enc rrr nnn 3431 
40.02 Plumbime tittines & brass foods-----------------"---- 332 
40.03 Heating equipment except electric------------------- 3433 
40.04 Fabricated structural steel------------------------- 3hh1 
40.05 Metal doors, sash & trim---------------------------- 3)he 
40.06 Fabricated plate work (boiler shops) ---------------- 3443 
40.07 Sheet metal work----------- 2-2-2 oo rrr rrr rrr hhh 
40.08 Architectural metal work------------------2-- 2-2-0 -- 


40.09 Miscellaneous metal work--------------<--922--- +9927 


hl Screw machine products, bolts, nuts 


41.01 Screw machine products & bolts, nuts, rivets & 
WaShor $< oon nen rte 35 
41.02 Metal stampings----------------- <9 nnn nnn nn nnn 3461 
42 Other fabricated metal _preducts 
42.01 Cut lery---- nnn nnn nnn nnn rrr rrr nn 3421 
42.02 Hand & edge tools including saws---~---------------- 3423, 3425 
42.03 Hardware, eC. Cs ----- 2a rrnnnnnn rn n 3h29 
42,04 Coatins, engraving & allied services---------------- 3471, 3479 
42.05 Miscellaneous fabricated wire products-------------- 3481 
42.06 Safes & vaults---------- nnn nnn rrr rrr rrr nnn 3492 
42.07 Steel springs---------------- 292 nnn nnn nn nin nnn 3493 
42.08 Pipes valves Gupiper Stet Mee n= oem see ee ae 3h94, 3498 
42.09 Collapsible tubes---------------------9 20-9992 2 7220 3496 
42.10 Metals fos 1S ee a a a 3497 
Neynial Fabricated metal products, n.ee.c.------------------- 3499 
43 Engines & turbines 
ne wonk ss jessie Gielcvatee! Cp tetag BUC SS a 3511 
44.02 Internal combustion engines, n.e.C. --------------- == 3029 
4h Farm machinery 
Lh.OO Farm machineryq------ orn nnn Bee 
45 Construction, mining, oil field machinery, equipment 
45.01 Construction machinery------- 7-2-2 s rst Sy sill 
45.02 Mining machinery---------- 99m n rrr 3532 
45.03 Oil field macninery-------- 99 tnt rrr 3535 
46 Materinls handling machinery & equipment 
46.01 Elevators & moving stairwayS--------<---------------- 3534 
46.02 Conveyors & Conveying equipment—---—------—---<---—- 3535 
46.03 Hoists, crenes & monorails-------------------------- 3536 
46.04 Industrial tricks & tractors----------------------7- S5Sii( 
47 Metalworking machinery & equipment 
47.01 Machine tools, metal cutting types------------------ 3541 
47.02 Machine tools, metal forming types-------- wrccr----- 3542 
47.03 Special dies & tools & machine tool accessories----- 3544, 3545 
47.04 Metalworking machinery, Nn. e. Cc. ----------------------- 3548 
48 Special industry machinery & equipment 
48.01 TMolayolijavetore Micra Se ick goten Ayo 3551 
48.02 Textile machinery----------------------------------- 3552 
48.03 Woodworking machinery------------------------------- 3553 
48.0) Paper industries machinery-------------------------- 3554 
48.05 Printings trades machinery--------------------------- 3555 
48.06 Special industry machinery, n-e.c.------------------ 3559 


xiv 


Related SIC codes 


Industry number and title (1957 edition) 


49 General industrial machinery & equipment 


49.01 Punns & compressorS--------2------ 22-2 +22 - n-ne eee 3561 
ky.02 Ball & roller beirints---------------<-------------- 3562 
49.03 Blowers & fans-------------------------------2----5- 3564 
49.04 Industrial prtterns--------------------------------- 3565 
49.05 Power transmission equipment ------------------------ 3566 
49.06 Industrial furnaces & ovens------------------------- 3567 
49.07 General industrial machinery, n.e.c.---------------- 3569 
50 Machine shop products 
50.00 Machine shop produ t8-----2<---<--<-20----0--------- 359 
51 Office, computing & accounting machines 
51.01 Computing « related macnines------------------------ 3572 
51.02 Typewriters---------- <9 -- 292 2 nnn eee 3572 
51.03 Scales & balances----------------------------------- 3576 
51.04 Office machines, n.e.c.----------------------------- 3579 
52 Service industry machines 
52.01 Automatic merchandising machines-------------------- 3581 
52.02 Commercial laundry equipment------------------------ 3582 
52.03 Refrizeration machinery ----------------------------- 3585 
52.04 Measuring & dispensing pumps------------------------ 3586 
52.05 Service industry machines, n.€.C. ------------------- 3589 


Electric transmission & distribution equipment & electrical 
industrial anniritus 


sis}olenal Electric measuring instruments---------------------- 3611 
53.02 Transformers---------------------------------------- 3612 
53.03 Switchgear & switchboard apparatus------------------ 3613 
53.04 Motors & cenerntorg--------------------------------- 3621 
53.05 Industrial controis--------------------------------- 2622 
53.06 Welding apparatus----------------------------------- 3623 
53.07 Carbon & graphite products-------------------------- 3624 
53.08 Electrical industrial apparatus, n.e.c.------------- 3629 
54 Household appliances 
54.01 Household cocxing equipment------------------------- 3631 
54.02 Household refriverators & freezers------------------ 3632 
54.03 Household laundry equipment------------------------- 3633 
54.04 Electric housewares & fans----+----------~---------- 3634 
54.05 Household vacuun clesners------------------ benno e--- 3635 
54.06 Sewing machines------------------------------------- 3636 
54.07 Household appliances, n.e.c.------------------------ 3639 
55 Electric lichting & wiring equipment 
55.01 Electric iamps-------------------------------------- 3641 
55.02 Lighting Pixtures----------------------------------- 36he 
55.03 ' Wiring devices-------------------------------------- 3643, 3644 
6 Radio, television & communication equipment 
56.01 Radio & TV receiving sets--------------------------- 3651 
56.02 Phonograph records---------------------------------- 3652 
56.03 Telephone & telesraph apparatus--------------------- 3661 
56.04 Radio & TV conrmunication equipment------------------ 3662 
5{ Electronic components & accessories 
57-01 Electron tubes-------------------------------------- 3671, 3672, 3673 
57.02 Semiconductors-------------------------------------- 3674 
57.03 Electronic components, n.e.c. ----------------------- 3679 


Industry number and title 


58 Miscellan ous electrical machinery, cauipment & supplies 


Storate bitteries----------------------------------- 3691 
Primary balterics, wet & dry------------------------ 3692 
X-ray sppirvtus & tubes----------------------------- -309 
Engine clectrical equipment------------------------- 3694 
Electrical equipment, n.e.c. ------------------------ 3699 
59 Motor vehicles & equipment 
Truck ®& bus bodies------------2--------s-2---------- Salis! 
Truck trallers----------------sce en 2222-2 ----------- Sas 
Motor vchicles & partsS------------------------------ SiBkie 
60 Airernft & parts 
Adreratt---------- 22s enn enn eee n e+ - =~ --- Sy 
Aircreft engines & parts---------------------------- 3722 
Aircraft propellers & partsS------------------------- shes 
Aircraft equipment, n.e@.C. -------- 2-2-9 nnn enn == =e 3729 


61 Other transportation equirment 


Related SIC codes 
(1957 edition) 


Shipbuildine & repairing---------------------------- 3731 
Boatbuildins & repairing---------------------------- 3732 
Locomotives & partS--------------------------------- 3741 
Railroad & street cars------------------------------ 3742 
Motorcycles, bicycles & partS----------------------- Silo: 
Trailer co2cheS----------2------2- oe ee nee ene =o 3791 
Transportation equipment, nee. C. ----------------- === 3799 
62 Professional, scientific & controlling instruments & supplies 
Engineering & scientific instruments---------------- 13011 
Mechanical measuring devices------------------------ 3821 
Automatic temperature controls------ yee renee nee - == 3822 
Surgical & medical instrurcnts--------------~------- 3841 
Surgical appliances & supplies---------------------- 3842 
Dental equipment & supplies-----------~------------- 3843 
Watches, clocks & parts----------------------------- 387 


63 Optical, ornthalmic, & photecraphic equipment & supplies — 


Optical jnctrunents & lenses------------------------ 3331 
Ophthalmic ».00d8------------------------------------ 3851 
Photosraphic equipment & supplies------------------- 3861 


64 Miscellaneous manufacturing 


Jewelry, including costume & silverware------------- sient 
Musical instriments & parts------------------------- 3931 
Games, toys, etc. ------------- 2-2 en n+ ene ene -- 3941 
Sporting & athletic goods, n.€.C.<------------------ 3949 
Pens, pencils, @tc. --------- seen nee ne --------- 395 

Artificial flowers-------------0---2---- een e on 2--- 3962 
Buttons, needles, pins & fasteners--- -----<--------- 3963, 
Brooms & brucsheS---------- sec nnn renner n-ne =< ---- 3981 
Hard surface floor covering----<-<<9---<--<9---<---- 3982 
Morticians mood 3--<----------ec seen enon nnn-----=--- 3983 
Signs & advertising displays----<-----<--<-=9=------=---- OE 

Miscellaneous manufactures, ne@.C. ---<-------------- 3983, 


3961 


3964 


Related SIC codes 


Industry number and title 
: (1957 edition) 


TRANSPORTATION, COMMUNICATION, ELECTRIC, GAS, & SANITARY SERVICES 


65 Transportation & warehousin; 


65.01 Railroads * rejJuted services----+------------------- ho, 474 

65.02 Iecal, suburban & interurban highway passenger 
transport:tion------------------------------------- 41 

65.03 Motor frei ht transportation & warehousing---------- 42, 473 

65.04 Water transportation-------------------------------- 4 

65.05 Air transportit ion---------------------------------- 4S 

65.06 Pipe line transportstion---------------------------- 46 

65.07 Transportation services----------------------------- 47, except 473, 474 

66 Communication: excert radio & television brovdeasting 
66.00 Communications, except radio & television----------- L8, except 483 


67 Radio & TV broaderstins 


67.00 Radio & television broadecasting--------------------- 483 
68 Electric, ois, water & sanitary services 
68.01 Electric utilitics---------------------------------- 491, pt. 493 
68.02 Gas utilities--------------------------------------- 492, pt. 493 
68.03 Water & sanitary services--------------------------- 4oL, 495, 496, 497, pt. 493 


WHOLESALE & RETAIL TRADE 


69 Wholesale *& retail trade 


Page Wholesale tradG=---2ss----c2-s>sq->-ereesaceors— a--- 50 (except manufacturers' 
sales offices) 
69.02 Retail trade------------------------- ann ---------- $2595 350 Sys ne, OTs, 58; 
59, 7396 


FINANCE, INSURANCE & RE\L ESTATE 


70 Finance & insurance 


70-01 Danki nge----++-------------------------------------- 60 
70.02 Credit agencies---------------- teen nna nn n------------ 615 267 
70.03 Security & cozodity brokers------------------------ 62 
70.04 Insurance cérriers---------------------------------- 63 
70.05 Insurance ascents & brokers----------=------- won----- 64 

ji Real estate & rental 
71.01 Ovmer-oee-r ied cwel lings---------------------------- NA 
T1202 Real estate----------------------------------------- 65 (except pt. 6561), 66 
SERVICES 

fé2 Hotels & loicine places; personal & renair services 

HCG AME MOO! Wie pages 
72.01 Hotels & low vine: pisces----------------------------- TO 
72.02 Personal & reprir services, except auto repair, 
barber, & beauty siuops----------------------------- T2 (except 723, 72h), 76 
(except 7694 & pt. 7699) 

72.03 Burber & beauty shops------------------------------- 723, Tek 

13 Business Services 
73-01 Miscellaneous ousiness services------------ weeenee-- 73 (except 731, 7396), 7694, 

pt. 7699 

73-02 Advertisin:t----------------------------------------- TS 
73-03 Miscellaacous profescion:l services------------ Satelite 81, 89 (except 8921) 


xvii 


Related SIC eodes 
(1957 edition) 


—————— 


Industry number and title 


Th Research &_develonrent 
74.00 Elininated as a senorate industry in the 1963 study. 
Research & develcnment nertormed for sale is dis- 
tributed to the purchaser by each of the industries 
performing the research & development. 


(D_Autonobile renair & services 


75.00 Automobile repair & seivices------------------------ 15 
( 6 Amuse ments 

76.01 iotion pictures----------------------------------- -- 78 

76.02 Amusement & recreation services--------------------- 79 


Medical, educztional services & nonprofit organizations 


THeOk Doctors & dentists---------------------------------- 801, 82, 803, 804 
Tr-02 Hospitals------------------------------------------- 8061 

T{-03 Other medical & health services--------------------- 0722, 807, 809 
TT-O4 Educational services---------------------- wo-------- 82 

11-05 Nonprofit organizations-------------------- oo----- -- 8h, 86, 8921 


GOVERNMENT ENTERPRISES 


8 Federal Government enterprises 


78.01 Post Office----------------------------------------- 
78.02 Federal electric utilities------------------- ------- 
78.03 Commodity Credit Corporation------------------------ 
78.04 Other Federal Government enterprises---------------- 
79 State & local fovernment enterprises 
79.01 Local government passenser transit---------<-<-<--<-- 
79.902 State & local electric uti litieses------<---s<-<-<-=- 
79-03 Other state & local government enterprises---------- 
IMPORTS 
80 Gross imports of goods & services 
80.01 Directly allocated import 3-------------------------- 
80.v2 Transferred imports--------------------------------- 


DUMMY INDUSTRIES 


81 Business travel, entertainzent & cifts 


81.00 Business travel, entertaimnent % gitts-------------- 
82 Office surnlies 

82.00 Office supplies------------------------------------- 
83 Scrap, used & secondhand rocds 

83.00 Serap, used & secondhani ,00ds---------------------- 


SPECIAL INDUSTRIES 


8h Government industry 


84.00 Government industry--------------------- wenn n------- 
85 Rest of the world industry 
85.00 Rest of tne worid industry-------------------------- 


86 Household industry 
86.00 Household inuustry----<----<---se-- nee nnn- nen neen-- 


87.00 


88.00 


Industry number and title 


87 Inventory valuation adjustment 


Inventory valustion adjustment--------<-----~-<-<----- 


Total intermediate output---------------9<<-------------- 


Personal consumption expenditures 


Personal consumption expenditures-------------~------ 


rivate fixed canital formation 
Gross private fixed capital frormation--------------=- 


Gross 


Net inventory change 
Net inventory change-------------------------------- 


Net_exports 
Net €xportS<---=----n nen enn nn nn nn nn ne nn nnn nnn 


Federal Government purchases 
Federal Government purchases, defense-------------- 
Federal Government purchases, other---------------- 


State and local government purchases 


State and local government purchases, education---- 
State and local government purchases, health, 


welfare and sanitation---------------------------- 

State and local government purchases, safety------- 

State and local government purchases, other-------- 
Total final demand-------------------------------------- 
Total output --9-------- 9-2 nnn nn nn nnn ee ne enn ne 
TransSfers-<-- 222 nn nnn nn ee nnn ne enn nnn nn nena nan-- 
Total intermediate inputs------------------------------- 
Value sdded--------------------------------------------- 
Total inputs--------------- 022-22 oo nn nnn renee nnn 
Transfers----------------------------------------------- 


xix 


Related SIC codes 
(1957 edition) 


2. OVERVIEW OF ENERGY USE 

The purpose of this section is to provide the reader with an overview of 
energy use by commerce and industry. The sectors are ranked according to three 
different criteria. After inspecting the rankings, the reader may select 
several sectors of interest to him, and turn to the corresponding tables in 


Section 3 for a more detailed look at their energy flows. 


The criteria for ranking sectors were selected to answer three basic 
questions about energy use: Where is energy consumed? How can the energy 
intensity of a product be affected by increasing fuel use efficiency in the 
producing sector ? What elements of final demand (GNP) are responsible for 
the largest energy demands? 

Tables 2,3 and 4 rank commercial and industrial sectors according to 
these criteria. Within each table, six rankings are presented. © Themis: 
five correspond to the five fuels considered: 

a) coal 

b) crude oil and gas (extraction) 

ec) refined petroleum products 

d) electricity 

e) natural gas 
and the sixth ranks sectors according to total energy. 

2.1 Direct Energy Use 
Table 2 shows where fuels are consumed. The top 100 sectors are ranked; 
they include industrial, commercial, transportation, and residential users. 
This ranking will help identify the areas where increasing end-use efficiencies 
might produce the largest payoffs. 

For each fuel, use by the top 100 consuming sectors is listed, along 
with the percentage of the national consumption their use represents. In 
the case of energy sectors, the fuel may not actually be "consumed", 
but only converted from one form to another. Electric energy is listed 
at 3412 Btu/kWh. Entries in Table 2f are merely the sum of the entries in 
Tables 2a through 2e. 

Energy sectors are omitted from Table 2f, so the figures repre- 
sent the total energy actually consumed in each non-energy sector. Percen- 


tages are normalized with respect to the total U.S. fuel consumption in 1963. 
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2.2 Energy Intensity of Goods and Services 


Table 3 shows the energy intensities of the outputs of each producing 
sector, and indicates how much of that energy intensity that was added by 
the producing sector's direct consumption of energy. It gives an indication 
of how the energy intensity of a product might be affected by increasing 
end-use energy efficiency in the producing sector. All sectors, except 
energy producing sectors, are ranked. 

Energy intensities for each fuel type aré taken directly from ref, 1. 
The percentage of that fuel burned directly by the sector producing 


the output is calculated in the following manner, using figures from ref. l. 


where R. = Btu fuel i burned in sector k per $ output from k 


k 
(I-A) = $ output from k required directly and indirectly per $ k to 
final demand 
bi Btu of energy i required directly and indirectly throughout the 
economy per $ k to final demand; also called energy intensity 
PCT, = percent of the energy intensity (type i)of product k that was 


consumed by sector k. 


The definition of PCT. must be precisely stated. It answers the 


question: "Of the total year required to produce product k ( the sum of all 
energy consumed in all sectors of the economy per $ worth of k), how much 

was consumed in sector k itself? It is not simply Rey / Ese because we 

must take account of the fact that the energy intensity of k ( say k = cars) 
includes energy required to manufacture cars needed by other sectors so they 
ean supply inputs to the car manufacturing sector! Since the car sector must 
produce Game (a number greater than one) cars for every car delivered to 


kk 
final demand, that factor must appear in the numerator. 


Table 3f ranks sectors according to total primary energy intensity. 
Primary energy is defined in ref. 1 to avoid double counting primary (e.g. 
coal) and secondary (e.g. electricity made from coal). It is the sum of 
the coal, crude oil and gas, and the fossil fuel equivalent of hydro and nuc- 
lear electricity. The percentage of total primary energy content consumed 


directly by the producing sector is given by 


cee Jw 
oe REL A 
PCT g = le ae eels x 100 


© 6k 


where eb is the total primary energy intensity of the output of sector k. 
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2.3 Energy Required Directly and Indirectly to Meet Final Demands 


Table 4 shows how much of the nation's energy consumption resulted 
from final demands for the output of various sectors. The top 100 sectors 
are ranked. Those components of the GNP producing the largest energy demands 
ean be identified from these tables. To the extent that public policy can 
influence final demands (e.g. demand for cars and gas induced by highway 
construction or reduced by a horsepower tax), these rankings can be of value 
to policymakers. 

For each fuel, the entries in Tables 4a through he were obtained by 
multiplying the energy intensity of each product by the total final demand 
for that product in 1963. Results are expressed as percentages of the total 


U. S. energy consumption for each fuel. 


Figures for individual fuels are not directly additive to obtain the 
results in Table 4f. The above figures represent fuel allocated to 
final demands for each product, and double-counting would result from 
simply adding allocations of primary and secondary fuels. Therefore a 
weighted sum is used, as described in Appendix A, to obtain the total 
primary energy allocations. Results are expressed as percentages of the 


total U.S. energy consumption. 


— — | —— —— eT Se = 


=, eo ee 


71 "0 OSELT ASHIAVMSONTNINGL €0S9 OOT Lia £C9ZE any 3X3 3Jy¥VM1LO04 cOve OS 


id Goal 9) B88ELT AYFIISOH TORT 66 92°0 97292E HIVW O9Tus3ay €02S 6% 
7-0 LSvLtl / STTIW Y3dvd Cl Oh XA: Ho) 92510 2662E GOY¥d YwadVd LINVS SO0¥2 8% 
21-0 “6SLT S7310H NOC Le LCi) 626E€ LYOdSNVYL TIVvY Tos9 LY 
»T°O0 Ssellt SYNV IL €0€T 96 Neaeato) ZO0Z7%E 03 SI¥s3¥ DIDHeH CO4¥S 9% 
700 TR6LT NYN4d ATOHeH L>AwW £02? S6 82°0 TLOVE dINdF LIVYIIV 7009 S¥ 
st°0 TOSeT 03 392732‘ 3NDHd €09S 6 6c 10, CoS9F AYANOT1L934N99 WADE the) 
sTt°0 T9SeTI WOL INTLL199 L3W TOL5 €6 OE70 LEELE Y3S HLIVSH *J3W SORE ey, 
SiO 98l8l S3HIVOD YAITIVHL opti) reals) EO EEIBE d3jdd LATIOL €062 cy 
st°o L1ST61 W1IW GASVNAINO) TOUS 16 (AZ(0) LELEE ONTITVINGd IHS TOUS V7 
9T°0 “OR6I S3YV4MeH J14193979 40» 06 (AZ = (0) 6466F Syed feof) (9) TOST O¥% 
SISO SO86T SY2TIVeL WINYL 2046S 68 7€°0 91004 WHOM JLV1d dvs 900% 6€ 
9T°0 121002 HIVw ONT WV¥¥INI9 106% 88 REO EOS Ty S3ITISSIW G30INS TOET RE 
ALES) 91102 33 4009 910H+H 1046 LR ez0 T8S0S S3yTL HOCE we 
PLO) 61402 HIVW INT LNdWOD Toms 499 74°0 9402S sonud TO6ic 9 
z1°O 26502 ONTHSTI8Nd WOO £092 GR C710 G4227S Suv) L33uLS fy VOTO SE 
Z£USO 04902 LYIdSNVYL HALVM 7CS9 728 2210) 994LS Livuddlv T1009 ¥vE 
2TSO0 22802 SY¥OSIXdwod*SdwWNd MOG tae aes 64%°0 WeaZse iy) YH10 LSNIDD LNIVwW Zig ) SE 
LEUS0 £4012 WV¥3a9 391 GO¥T 28 0S°0 91029 SAAS LINYS DANNVI 604T 7E€ 
ETO Ll0T2 SYSWYIISNVAL cOES «Tk os°a 84129 SANIONA LAVYAIAIV COIR ME 
1 ae) €L9TC NXYN4S G10H.4 GOOM Teze OR WSS) 0€049 sxIvd3a¥ OLNV O0SZ2 O€ 
8T°O S1022 ST1IO SNINDO) 6c7l 6 Z7S°0 (ey LIL AS 43S TWNOILVYINIIZ HOLL 62 
61T°0 WUlea\ar4 SATEEN Sv 3: c089 8 6BL "S°O 65299 SYST HAV YNSNI %O0L 8&2 
6T<0 61 2E2 83 JIHdVeIOLOHd EOSSS FL %S°0 ADE SVV1L1dS0H COLE VES 
6T°O O£EF? Stv3¥d9d4yuNOI4 seal OE: 9S 0 9¢7TOL SLINIOdd AYINVE BiG ale Cle 
6T°0 64%E2 HSS JSy¥*INWSNWY CODE IGE CASY (0) TE2OL 63 NAWWOD AL=4 yOOSS Sic 
61T°0 S8SEZ SJILSV1d yelarteiz heal LS~0 COVE AIJTIAHAS IWNOSd3d COCL 92 
6T°0 [EV AUE CE Q0¥d wad¥d AND) LOVE TEE LO: 06¢¢1 dad ININVI19 aOUG2 “E72 
6T°O 9T6E2 HIVw GNI 1VI939dS 90e4% dé ©9770 Z0€8L W1IW OINId SOW ic 
02°0 4GLYC SHIdTASMEN Wales 07! 99°0 998 atviss ava COME Ae 
oz°o ECHL IE ADIAYSS SNA ISIW Toe! Of 99°0 GL8c2e8 AMFNTHIVW LSNID LOS” 10! 
02°0 8L8%2 ALIVID3IdS JAINNVI g0"T 69 021°0 TLELR AMANTIHDVW WHVS O0%4 6T 
02°0 %00SZ2 YVONS 61T4T &89 WSO Z7RGeR Aad 91 79HO91¥0 Werle (eh 
Lea0 "8SG2 S3aav9 store) 118) 12 2(0) 247928 940 LI4CAdNIN COLE SET 
T2°0 99292 SISTIN3G‘S¥01909 Ulayl Xe) (ede M0) 14458 INIMI JIO—dINMI OT oir 
LiC4e(°) 66292 GO4d WIHD ISTwW vADYL ZS SSS) T8°0 Tz 6001 G3ed 1931S LOZe Sit 
Tz°0 ° TE992 L¥OdSNVSL 1V907 ZOGe 39, Wea GYyeet WOHLId DINI43y¥ TOTE 4T 
ecn0 9T022 SNITIVIINAWWN) 0099) 169 tele 0S2991 AGVAL ATVS 10H T1069 ET 
cen0 MAI LCA AYONNVT JVOHeH CO Geet ao vie WI SOYVLIT WAHLO! LSNOD MAN SO ai 
2z°0 HTELZ S3SIDN39V LI0349 7OOL 19 ese |! OTz9ReT §1971004%d IVAW TO7T UT 
(272(9) C2282 S3ASLINYS N3AZOYS £1 i109 9G°T £Z20S6TI SAYMIH LSNOD MAN ZO OL 
€2°0 C8882 SONTY3SAND 49014 TCZT 6S Ea €67E12 iN ANd LSNOD “AN €OTl 6 
€2°0 £6052 ONTANVG TOOL R86 Tessa. 206522 LVW ADaUNd* TaVdd¥ 7O8T 8 
HELO} ae S8e52 $993 SA¥1LINOd cOT 1S G8 <1 TSTI¥2 W3H) JAO—-OYAINI MOC Wh 
Cah) TLYOE NOTLVuv¥d3aed 3904 7EHT 96 WEE 4STO0¥ S3YNON LSNOD MAN cOTT 9 
sz°0 OTSTE SONTHSINYNA 3ST0H ZO6T GS SiGe OST Jdv4l TIVLa4 7069 GS 
Sz°0 EGE NE SUNTYD L405 CCU 7S GO°4 24649 S34 1SNO9 MIN UO 77 
S2°0 989TE AY¥3S LINVS*¥Y3LV™ FOR9 £¢C TEES 126908 LYvd 3 H3A ADLIW €06S F£ 
S2°0 OELTE STIIN 8V3s AVCHY MOS AS 74d ik OOFDFO? SSI fapcligy she} HOSS 
92°0O 9GUCE SisS AL Ody s T1096 «61S Gita Secuole OSNINIW 1799 002 T 
(NL@ NOIN119) (Nile NOIW119) 
WiOl 49 a2y¥INo3» SWVN AYLSICNI YO1IDa'S WNVS AN AoE 29) CS3eINOse AWw¥N ASLSNINT YOLIIS ANVY 
IN3Dad3ad W039 INI) 443d 1¥09 


INdiNnO s@LIAS axa ANVWAG IWNYIS £96T L3SW OL DJAYINGZY 
1Wv99 Wildl 


ey eTqPL 


sqgndqyno 2t9y4 
BUTT S,€961 AIST}esS 03 pepesu APzsue Aq poyUeI stojzoeg “th STAB] 


60°0 
60°0 
60°0 
60°0O 
60°0 
60°0 
60°0 
60°0 
60°0 
60°0 
oT°O 
OoT°O 
ot°o 
or°o 
1s) 
TT°0 
Lao 
TT°O 
Tt*o 
11>¢ 
i eelo} 
fay (0) 
zT°O 
C41 (oa 9} 
cto 
CAC ail) 
:SSla) 
€T°o 
ETL=0 
€T°O 
e170 
2UE0) 
ASI) 
st°o 
st°Oo 
st°oO 
EUSO 
z1T°O 
8t°o 
8T°O 
8T°O 
6T°O 
02°0 
02°0 
02°0 
rds (0) 
Tes0 
TZ°0 
22°0 
Ee0 


Wi0l 39 
4N39¥3d 


%276¢ 
61652 
TE20E 
R690F 
CELOE 
ceOTE 
T6zle 
DAV 
GI4TE 
OROZE 
YVEEFE 
SISEE 
TOEVE 
OSRHE 
4OEIE 
OL¥9E 
€6CLE 
CHOBE 
D9OLBE 
O6TS5E 
TEZ6E 
9LS6E 
¥8004% 
TO€O4 
97614 
LO2?2y 
RBYEY 
Ml cay he) 
T4S%% 
¥1SSY 
02094 
41984 
CM CTALs Be 
T%02S 
6022S 
%SS?S 
OLL9S 
7RC6S 
80109 
21l09 
$9429 
26199 
9£699 
GEELD 
6%269 
ST¥O0L 
TS62L 
T6¥EL 
T1642 
OOSLL 


(N18 NOIW119) 
GaY¥Ind3y 
SVD ONY 110 4QNyD 


SlLdINIGYd Ssv¥1y 
dOY¥D ONIYV3ISG 112 
SLINs4 

AXYAISOH 

0434 WAWINY died 
Maundny NAS 

HIVw INILNdWO)d 
WI4d GIWANID £935 
WHOM ALVId SVJ 
03 JIHdVYIOLIHd 
DOd4d YAdVd ANO)D 
4S$343H) 

03 914358 DWHeH 
SYadVdSM3AN 
ANIHST1TEdNd WOOR 
HIYW JIY¥I34 

NYN4S JVOHeH GOOM 
SIILSV1d 

GOudd 432dVd LINVS 
S¥V9 L33SdLS “Ye 
NOLLOND 

ALIVID3AdS JANNV) 
43LiN¢9 
ONTATVINdd IHS 
SdOHS INvaa‘auva 
Sawy9 

SllIWw 8V3 OVONY 
SONTHSINYNS3ISNOH 
dINd3 LIAVYADAITV 
wV¥2a) 39! 
SONIY3IAQD ¥O014 
$710 ONIWOOD 
S13S AL*‘OIOVY 
QO¥d 1331S 

YVONS 

SdOHD ISIANSIOSA 
ane IX3 JyvMLIO4J 
MINZ LAOS JOTILS 
AX¥INOTLIIINOI 
y¥3S 404d ISIW 
JIIAYSS SN@ DSIW 
OS2ASLINYS NAZO44 
43S JAYS INWSNWY 
$1¥348399*HNO14G 
S31ISSIw 3301IN9 
NOTLVUVdIYd ANNA 
ONIYUNVG 
AMSNIHDVW LSNOD 
S3IIN3S9V 110349 
SAYNTYI 1408S 


SWVN AULSIONI 


INdLNO YOL1D3S yO ANVWI 
sv9 dNv 7 


TOS 
902 

502 

TORT 
GIT 
7ORZ 
1aTs 
€002 
9004 
F0E9 
10%2 
ENT 
ZO04G 
1092 
£092 
£026 
T022 
TORZ 
G04%2 
4OT9? 
102 

ROOT 
Z05T 
fen a) 
£022 
£049 
TO9T 
27061 
+009 
SChl 
TOLT 
6241 
TC9S 
TOLE 
6T4T 
G02 

COVE 
€C452 
0241 
€0F2 
Tcel 
tan Be & 
70291 
5TY¥T 
IOET 
Zev 
TOOL 
T0S¥ 
rAoley 
ceyt 


4OL93S 


OOT 
646 
8A 
145 
Ge 
GF 
46 
£4 
76 
16 
O46 
6e 
RR 
19° 
98 
Ga 
+2 
£R 
eR 
1a 
ae 
6l 
Ql 
ZL 
OL 
SL 
vil 
€) 
GE 
Tl 
Ol 
49 
R89 
L9 
90 
69 
459 
€9 
79 
18) 
09 
6¢ 
RS 
2s 
9¢ 
GG 
4S 
cS 
es 
TS 


ANY 


Ln a) 


E220 
BCA Ne) 
72°O 
77°Q 
¥7°O 
»7°0O 
97°0 
92°0 
92°0 
Q7°0 
62°0 
Tier 
2£°0 
(eto = (0) 
REO 
REO 
6£°O 
5E°O 
c7°O 
G¥°O0 
0S°0 
0S¢°O 
£S°0 
%G°O 
9S°0 
RG°O 
6S°0 
09°0 
79°0 
19°0 
re /i (0) 
0e8°0 
oR°o 
api) 
88°0 
T6°0 
26°0 
76H°O 
WINS ys 
Ti tena 
pia 
9L°T 
(AloyS) 
Usd 
GEL 
Ose 
Gone 
GE°4 
70° EFT 
6c 2 


VALOL AS 
INAD¥Ad 


€96 


lf te) 
4 Wl 


HILRLL 
5YGRL 
GSOTR 
GROTR 
21028 
T¥1cR 
628LR 
T8LRA 
69006 
99416 
€R8TR4A 
RETLOT 
OBTTIT 
2H2TIT 
ZTOOET 
TESOET 
SLOCET 
9B9FET 
9LO¥4T 
952SST 
592TLT 
62712LI 
124081 
S89S8T 
T9S06T 
LY9ORGET 
821202 
2S2902 
BELLTZ 
942057 
ETITS2 
TSS412 
9GIL>+12 
Z27A2Z90E 
FEGRZOE 
FRTOTE 
ROEFTE 
RIROZE 
SZ2N9KE 
99TORE 
DHlELY 
»GEEO9 
GLS69S9 
GoRc2L 
Z278OLL 
»GL790T 
9LEIETT 
R1T96945T 
T10S94%4 
4S7H6ETI 


(718 NOI1I1I9) 


Gay INb3aY 


Sv9 INV 110 30NH) 


An OL JavINOIy 


S3yTL 

$993 *AYMLI1NId 
SaLLavvo1d 
AMINIHIVW Wo 
$7310H 

S3NIONZ L45VH0NTV 
SNIVH9 0344 
LjAVYDYTY 

Y3S HLIVSH *O4dwW 
SNOT LVIINAWWID 
dyudd 1L3VI9L 
SLSTLINIO*S¥91990 
O93A*LIV44 JANNVD 
03 NMNww99 AL<—¥ 
$9140 

O5Xdd WAIHI ISIW 
AN2S LINVS*H3LYM 
dSNVY1 INIT 3dId 
Add JIIDHDII1V 
YWIvdid OLNYV 

d3ud ININYI19D 
SH3aTynvd YANSNI 
¥dS TWNOILVI103 
SIVLIdSOH 

S49 LIAOYdNIN 
LHYOdSNVYHL 17997 
SLINIOYd AXINVA 
ADIAXAS IVNOS433d 
LYOdSNVdL T1174 
W1IW OIN14 

4HLO LSNOD LNIVW 
INIMD 3IO—YINMID 
S1VIS3 wid 
YAHLO LSNOD MAN 
ISHAYVMSONTWNODVAL 
LN ANd LSNOD 443N 
LYOdSNVYL HALV™ 
LANdSNVYL HIV 
LVW HDHNd* WHVddv 
W2H) DYO$9HINI 
SAYMIH LSNOD MIAN 
SLINIDAd LV3W 
3CVyL J1VS TOHM 
S3YNON LSNOD MIN 
14Vd 3 H3IA HOLIW 
§$3y¥ LSNOD MIN 
SSrirarin dang 
Javel VWIVLIy 
S3STLIQVILN Sv9 
TWOXL3ad G3NI33d 


AWYN AYLSNONI 


TO2E 
20T 

TOST 
0074 
102k 
2099 
(Aloe 

1009 
COLL 
9099 
£062 
TOLL 
5041 
4096S 
1062 
VOL? 
£089 
9059 
Ue 
ONSL 
2062 
4OOL 
VOLL 
20LL 
SOlLl 
2069 
8I%T 
2027L 
10S9 
90%T 
20Z2T 
TOTL 
cOTL 
SOTT 
£0S9 
£OTl 
70S9 
S0S9 
“ORT 
1OuZ 
“OTT 
TO%vT 
1969 
cott 
€06S 
TOTT 
1089 
2069 
2089 
TOTE 


yOLI9S 


SBN|SANST NOY DO 


NV 


£0°0 CéS49I G3 91d33y¥ DIDHeH Coat oo! BT*0 RLARE SWNTYG 1495 224t 0S 
40°O | ot Odea Wags eb of | aa L026 dais. lV Sot WN COLE 6Y 
ZESG : ‘ < Wo DE ALe Sted dy ee at HK GCc oe 
10°0 Sivgy a ; ; ua ais SA Seek seri) GaN Fe a OS hs i th ZOO9 > 1% 
10°9 Cae OIG IWAING LY IW oF avo 7090% Sa Ngee hla) coor, 9% 
20°0 Cue si WIIwW DASNIANND Gf S110 UID ah LAV DAT Y 1009 S¥% 
20°O 65f9T WIN3 LAOS 907°1S Eos2 %6 Té50 916S% $731904 Tock 4% 
80°0O CLOT wOYs GOWwOD 4935S FCOL £6 Ge0 5€BL4% SWwWIy3ad*dNoIs AMAL NSU 
80°0 SUVA HIVW D1Y¥d34 €027S 26 Ban0 JESGTS $993 *AYLINOd Zot 24 
80°0 LoOELT SdYadVdSM4AN Wee 1 Ke) £20 T761S eye Cay Shy) c089 TY 
80°0 4TSLT HIVW INI LNdwOD Tors 06 KAO) €9L2S $31134V919 TOST O04 
80°0 279211 SJILSV1d T1082 68 Ca (0) 8599S S3A*LINYA GINNVI 6041 6£ 
80°0O 8leLt Suv} L33uLS faa O19 88 [2a St) TOL6S djdd 1310901 €062 8€ 
80°0 6T18T Y3adeNye NAS cose 28 ECENG} L0€09 63 NAWWOD AL—e 09S LE 
80°0 €s9el INTIHSTV8Nd NONE £092 98 62°0 9E0E9 SNOTLVIINAWWID 0099" 9F 
80°0O selet SdOHS INnvad‘9yvu GO0cL Ge 62°0 c71TSF9 SISTIN30*S¥01999 TOLL GE 
60°0 TET6I GOY¥d dadVd LINVS SO¥2 48 o£°O 902L9 AY3AS LINVS‘Y3LVM GORo Le 
60°0O 96E6I 4914349 1S0¢d TO8Sl €8 CeO O890L SNIV¥D 03434 202 ef 
60°O T2%6T 0335 WWINVY di4d (Aha AAs €e*0 9S2EL A38 JIIDHOIIV Kavi ice 
60°0 ££%02 YVONS Giles a8 LE°0 $0918 SuYsTduvd ANSNI SOO Te 
60°0O $6602 dINb3 LavydylV 7009 Of 0¥°0 LET88 Sond T0662 O€ 
oT°O 69TT2 INIGVINAdIHS W@esh fay) 16750) G7206 didd ININVI19 2062 62 
oT°O EQS ALVVI93dS DANNY) 80¥T eL 1750) 9Eat6 ¥3S IWNOTLVINGI VOLE 82 
oT°Oo S812 3S4335H) COZ LE fF 10) 12226 YIVd3y OLNV O0SL 22 
oT°O TS6T2 SLINdS ¥02 9L [Pa Xo) S64¥0T SY¥O0 LIAOYdNIN SUPE Ie 
oT°o £9612 SONINSA0) yOOT4A GET Sz 97°C B8I990T STVLIdS OH COLE. Giz 
oT°O ENCES GO¥d 1331S TOE 72 £S°0 649LTT SLONDVdd AXANV 81¥T 2 
oT°Oo S1922 NYN3 QO10HsH GOOM MOdcce sez 9S°0 FEE7CT WS3HD DYO-I9AONT LOLA ‘2 
ot°o S20€2 ST1IW evs QVOXN9 UOTE = apd 09°0 CAG 1 JDIAXSS TWNOS 43d (AVA IINACA 
Lh 29) CEVE? SONTHSINYN4AASNOH cOsT TZ R9°0 ET60GT 31ViS32 1034 COME ae 
LES} CREAR Siawv9 CO79> 107 02°0 LST4ST W1IW O1N14 907 102 
bro SS6E2 4Y31L1NH ZOHT 69 Ri/L (6) CooL YSHLSD LSNOD MAN GOTT 6T 
LG ES S06%2 SLaS AL*OTQyV4Y Togs 89 (7d te! TOFELT IN €Nd LSNOD M43N SOS 381 
UES (0) GL1SZ2 dO¥d ONTIYVIa 119 902 19 Ose 64TLLT LuCdSNV¥L 19997 COS9— VET 
050 99812 S110 YNIXOOD (sey k GP) (filo) L2S>%81T INI JIO—Y3aNMD DOM oir 
en 61812 w¥34) 391 GO¥1l G9 9R°0 S90TS5I VW HI41d*TaVadv O81 ST 
ero VECO? VOLL169 102 ve) €6°O 799902 LHOdSNVYL TIVY T0S9 47 
ST°O 6Y27E ANY Ix3 JavMLOOS cOvE- 9 76°0 LT9LO2 YHIO LSNID LNIVW COat. “EL 
ST°O LO9Z2E ADIAYSS Sd ISIW WleKsy2 AG) Saal 882462 SST? 24a TO89 2T 
Gis0) ~ LES ae S31ISSIw 330IN9 LOST a9: WAZ NM 460962 ASHIYVMSONININAL £0S9 IT 
GT°O OVOEE AsANOTL334N09 OGn7I 09 79° 'T VELRTE LYOdSNVYL XIV Ss0s9 OT 
sT°o TT9EE€ GOAd W3H) DSIa VOL? 6S Nay TLRSZE LHOdSNVYL YALVM 70S9 6 
ST°O COREE INIYNVG TCOL 86 66° 1 H19TSE SAVMTH LSNOD M43N “OIT 8 
o1= 6 98 2vE AMHANTHDYW LSNOD TOS4% LS Yoru T309SF LYVd 3 HIA YOLOW £06S 2£ 
SiO ASL AAS W3S D3aSLNWSNWY COSI SS (ati 1 ESE GON S3YNON LSNOD MAN COS 12 
91T°0 S27 Y3S dOyd ISTIW FOCL SG \(sye 4! We Realy SLINIOdd LVIwW TO¥T §& 
AAG) STISE NOTIVeVds4d GON CEHT 96 GOs 2 604294 JOVAL JVVSTDHM 1069 Y 
SPO 98?2SE 9SASLINYS NAZGd4 Stl - eG IESE £YSFET9 Sad 1SNO9 MAN LOTT 7¢ 
eA (0) GBEIE AYINIHIDYN WHY O0%+ 2S SiGe 9S 8212 Jqval VIVLAY COGIE ie 
(0) 2OBLE Saat TOZE 16 Ne XE CLSEGS UL WAL3d GINI434 Ome 1 
(NL8 NOIWIIA) (Nid NOIW1Ta) 
AVIOL 39 G3I¥INGSA IWVN AHLSNONI HOLIIS WNW ydbawe =)5) Gas INosd AWYN AXLSNONI YOLIIS NVA 
41N3943d WN310¥1l3d GANT 33» IN3945d WNAIDYL3Ad JDINIA3a 
INGIND 4YOILD2S YIS_IANVWAD IINES €96T 1LIIW OL JAYINOIY 
ANZIDAL3d DINI4aqy Wil 


24 eTQPL 


eno 
(Sl (0) 
(511 (0) 
(a (20) 
(S90) 
ETO 
€T°O 
(ZUG) 
4T°0 
wis0 
VAL wt ®) 
VAL (0) 
+1T°0 
st°o 
st°0 
STO 
st°o 
9 al) 
SUSY) 
sTt°o 
st°o 
st°o 
CASO) 
91°0 
oT =O 
LT°0 
TSO 
{iN Oo) 
8T°0 
et°o 
8T°0O 
8T°O 
8T°o 
6T°0 
6T°0 
61°0 
6T°O 
6T°0 
6T°0 
Os 0) 
02°0 
02°0 
Lice 29} 
T2°0 
N20 
(2(4(0) 
€2°0 
%2°0 
%2°0 
42°0 


WiO0l 39 
IN39d3d 


BRRE 
226£ 
G26E 
645€ 
L1€0% 
750+ 
RT 
T6149 
S04 
O1TEY 
TSE4 
CIEY 
R244 
L5S4 
98S4 
HEY 
LE94 
049% 
0S94 
OL94 
0894 
69L4 
9984 
9T1S 
oH1S 
961S 
9€2S 
6E2S 
8SSS 
S6SS 
621S 
TELS 
ELLS 
86LS 
608S 
968S 
7266S 
4S09 
9509 
8219 
S629 
LZE9 
6449 
T1499 
1€S9 
L€0L 
96TL 
£0%L 
9E4L 
9S4L 


(Nia NOIT1T8) 
aqaY¥Indv2ay 
ALID1919713 


NYN4 AIOHeH Hd) 
SAATIVAL NONI 
SUNT L 

VOLLoO) 

CQUNd HSdVd ANCD 
Hw ONI TVH2N329 
03 4939791 3N9Hd 
MYOM SLVId HVA 
S34VMeH JDIA19973 
S119 ONIWOO) 
S3H9VO) Y3ATIVHL 
SdDYd ISIN SLOZA 
ONIHSITTuNd YONG 
AMINAT) TWH 
AW1343°P 

03 JIHdvyx9OLOHY 
ONINIAW 19709 
AYJISOH 
S¥advdSMIAN 

SdOHS LNVId ‘AXNVA 
WON GOWWOD 4955S 
SNIVH9 334 

ONdd AHAdVd LINVS 
HIVW INI LNAdwOd 
Suva L3394LS Sud 
NeYNd G1IDHed JBDOM 
S3wy9 

SJILSVId 

GOdd WAH) DSIw 
03 9144394 W10Hed 
ONIV10d wnty 
GOw¥d 1W241S 
WONIWNVY WIdd 
LHOdSNVYL TIVY 
w¥34) 39! 

HIVwW 91Ys43y 
NOILVaVdsed JN04 
Stv343a9* 4N014 
$993 *AdLINOd 
AYANOTI9345N09 
ASHINVM SONI NONGAL 
VINA LADD 90741S 
S3SILIVIIN SV9 
ONIOQVIIVAdGIHS 
SYNIND L405 
SONTY3SAD) YIO14 
@nd IX3 AYVMLIOOS 
y3S 404d JSIW 
SONTIHSINYNS2SNOH 
SV1IW AV4 avVONY 


2WYN AUMLSTONI 


70277 
2065S 
E€OET 
T02 
1042 
LCAY 
EN9IG 
lol atel 
4OOG 
6241 
90T9 
G07 
€092 
Cure 
T1049 
£0E9 
OOL 
TORT 
1092 
€0721 
€00/ 
202 
S047 
TOTS 
5019 
le\aed 
£049 
T1082 
VOL? 
704%S 
PORE 
TOLE 
FORE 
10S9 
COT 
€O2S 
cevt 
+T+T 
ZOT 
OZ>T 
£0S9 
€C456L 
70R9 
1019 
727471 
TOLT 
ZOE 
f£OEL 
2061 
TO9T 


YOLID3S 


ANdinO wO1I3S 


oken| 
KA 
96 
LG 
Gt 
GE 
45 
€F 
rae 
16é 
G5 
&R 
Ng 
12 
9R 
GR 
42 
€R 
ZR 
Te 
OR 
61 
RL 
Hi} 
9l 
Sl 
wd) 
€l 
el 
TZ 
02 
59 
39 
L9 
99 
60 
“9 
€aQ 
29 
se) 
99 
HS 
QS 
1S 
Qac¢ 


SS 
»G 
£S 
ZS 
1S 


NVA 


494 ONYWIO VVIa 
ALT ST aL22g3 


Py 2TIFL 


¥2°0 
Gz*0 
A aaa 0} 
R7°O 
62°0 
67°OQ 
Giesi0 
Wael} 
CaO 
Geai0 
ce) 
Be o10 
vAaw{0) 
GE°O 
FESC 
LEsO 
LEe*o 
hE 9 
0%°0O 
1Aa{0) 
1750 
g4°0 
0Ss°0 
€s°0 
£S°0 
7G > 0 
9S°0 
9G6°9 
£9°0O 
R9°0 
Pato) 
GEO 
6L°O 
09°O 
[MS Teie! 
T6°O 
76°O 
L5=0 
16°0O 
Wea 1 
UGE 
(AEN if 
og°T 
Ace 
R6°T 
OF SZ 
62°" 
Cie 
6759 
ES GLE 


WiOl 39 
1N3943d 


T9SL 
SSll 
BE 7R 
OLLR 
T1106 
S7T6 
O1TES 
R615 
R200T 
4SOOT 
6*TOT 
rar aon t 
ESLOT 
TOOTT 
8STTT 
4O9OTT 
CAA 
890¢T 
RSG7T 
bGR7T 
22671 
790ST 
¥CLST 
5999T 
96991 
0089T 
86%1T 
6S7RT 
RO9O86T 
SO?T2 
SEPA 
GREE? 
FE942 
S90S2 
09¢L7 
Z9ERZ 
502R2 
LETOE 
L1920¢ 
S027 
LE6RY 
0€60S 
6119S 
ESELS 
00029 
BELT. 
OO8Z20T 
S82goTT 
6£2202 
TERZLTT 


(NL@ NOIWIIG) 
GQ3y¥INo3x 
ALID18193915 


£961 1L93W OL J3FYINGI~ 


wilt 


§$131L0H 

S13S AL*O1OVY 
93AN*11Vd4d NAZO8S 
S3L1349V919 

alebeteh dis}ali faye 
ADIAYNAS SN ISIW 
NJ3IAfLINdS JINNVI 
44S DIAN LNWSNAY 
S3audIl 

dINSZ LAVAINTV 
AMINIADVW WHI 
AN3S LINVS‘YSLVM 
SLSTLN30*S¥019900 
SSN SONGS aa 
AMANIHIVW 1LSN9D 
LYQdSNVHL 19991 
$9140 
SNOTLYIINIWANID 
HH1LO LSNOD LNIVW 
INIYNVS 

Aja JI IOHOIIV 
SJIISSIW 0301179 
SAINIONZ LIVAISITV 
¥Ivd3ay OLAV 
SLINADId AHAAVE 
djdd ININVI19 
LAVHIATV 

43S HL1V3H ‘G4W 
03 NNWW9) Aix 
JDIAHFS WNOSdId 
WVIW GIN 

W3HLEO LSND) 44N 
INTMI JIDO—AINMI 
SAYMIH 1SNO7 M4N 
aLlvisa vay 
SIvlIdSO4 
SYdIyyVI ANSNI 
iN @Nd LSNDD MAN 
Yas TWNOTLYINGI® 
940 LISOYdNIN 
WyLlad DANIIIY 
SLINIDAd LYIW 
3CV4l 3210S TOHM 
LYW HIYNd STAVddv 
WAH DAO—OYONI 
SJYNON ISNOD M3N 
$34 1LSNOD MIN 
Luvd 3 HAA Y¥OLOW 
J0Vy¥L TIVLSY 
SSIES 204 


IWVN AYLSNONI 


TOZL 
T09S 
Erz1 
TOST 
£062 
TOEL 
6041 
209k 
T0Zz€ 
7309 
00% 
£089 
TOLL 
2002 
10S4 
2059 
T1062 
0099 
202 
TOol 
Loot 
TOT 
c009 
00SL 
ety 
2062 
1009 
COLL 
*09S 
cock 
9041 
SOTT 
TOTL 
yOTT 
cOtL 
coll 
4001 
€OTT 
VOLL 
GOLL 
TOTE 
TOT 
1069 
VORT 
TOL2 
ron Ot 
ToT 
£06S 
7069 
1089 


yOLDIS 


BINA TN OE DOA 


NVA 


EE 


USO 11651 HIVw INI IVI93dS 908 OCT S2°0 LETVE yVONS 6T¥T OS 


Lei) 60ST HIVw ONTLNdwo)D 1O0TS 66 Lee30 9SSILE NOTLVUVd3add A004 cEyl 6% 
TUS0 26EST Ad damier 1049 86 EX) SY6LE S3IIN39V 110349 200L 8% 
TT°O 61SST $d0¥d ISTAN4193A S02 16 R7°0 S96BE S3TISSIW G30IN9S LOE yL7 
WU) “OLST wOHH DOwwOD £935 GOOL 96 250 ERT6E SNOTLVIINOWWOD 0099" 9% 
LU eSto) %LEST S3YvVMeH J19193713 %0%G SH 62°0 B8H5E $7419H To7?lL S% 
é1°0 216ST AY3SISOH TORT 46 O£°O 09014 S3ayIl lOZe se 
zT°0 €L09T ONISS3¥0*S31NIId ed 186 0€°O Y69T 7 SWNITYG 1495S COUN €% 
ALY SO) €L1091t NYN4a GIOHeH GOUM TOg2 (26 0£°0 8%02% AMSNIHIVW LSNOD 10S% 24 
eT°0 2949T S3H9VOD H3dTIVUL 9019 Te 13 (0) GVicy ONIYNVE Took 1% 
LES) SOzzT 03 JIHdvuy9OLIHd £€0£9 O06 TEs De NA dae d3ud LIATIOL €06¢2 0% 
€1°O0 TT8lT y3Ling 2cO4%T 3868 7€°0 OF E737 Y¥LN3 LADD JOTSIS €06L 6€ 
ero OT6LI AXONNV? D19DH«H £0%S &8 (A= (0) £6594 SINIONA LIVNDYIV 2009 Ee 
£T°0 4108T CODYd Y3dVd ANOD 10%2 218 SE 0 669L4 AYANTIHIVW Wav OO77 ThE 
Slo SST8T ONIHSI7E8Nd WOOP £092 98 Se°O GL684% SLSTLINIO‘SY¥01990 TOLL YE 
€T°o 6RS8T SdadVdSMIN T092 = 6S®8 hz 0) TET6% Lijvadydlv 1009 GE 
¥T°O 8498T LYOdSNVYL YSLYM ¥0S9 48 9€°0 98164 Sonya 1062 YE 
#1 °O0 88iel WHOM 3LV1d OV 9004” €8 0¥°0 S8L5S d3S HLIV3SH ‘*d3wW BOLLS see 
No, SZS6I w¥3d) 391 SO¥T 28 07°0O LSSSS 03 NNWWOD AlL=x YO9S  <ce 
Tit0 89961 ALIVIDAdS JANNVI RO¥T T28 (27 (0) T9T6S D3A*LINYS GINNVD COT TE 
sTt°O 2£402 SAawv9 C079 OR 77-0 O6Tl9 4H10 LSNOD INIVW cOcT OF 
st°o TOL02 HIVW JTad34 ECGS. Ge TEN Pao) GIlFS9 QUY8d WIHD ISIW 4OLC 62 
St°o €2602 C3 91Yd3Y AIWHeH 7Q4S «BL 0S6°0 69439 HIvdad OLNV Q00SL 82 
sTt°O £9602 OINIGTINGd IHS HOS) V2E 2S510 Deal: AYAS LINVS‘H3LYM C089 he 
Sts TR212 Odd dadVd LINVS GO¥%d 92 9¢°0 L0eLL Aj JI 19HOI1V Lert 9 
ST°O TLETZ SNIVYS 0354 C02 GL 5G°0 9118 JIIAYIS IWNOSH3d aOek “Sd 
9T°0 GEE? SIILSV 1d TORZ HL UEIO%0) BE9b8 d3¥d ONINVIA19 2062 8 4e 
Sts0 7GECZ S11Iw eva OV0¥H TOOT ez 2250 T06S8 WiIw 91014 50%1 Ee 
9T°0 LE9e2 $1¥3¥4394 wNOI4S Pilea Ge: Fe} 10) LY¥9LR SW1LIdSOH COLE ce 
SALES} 90122 SONTHSINYNS ASNOH cO6T TL 219°0 FEECH SL19N1VO¥d AIA EEA ECS 
it°O 86622 Sitehva) JUsizpepits” Yeh] VOLO O72 89°0 S6S*6 S49 LISOYdNIN SOLL 02 
ZETS0 T60E2 STIQ 9NINDOD 6241 69 DESO 486946 Aas WNOTLVINGI ZOD Gir 
8T°O : S484? dINSI LavyINITV 4009 89 02°0 61126 SY¥STYYVI YANSNI “OOL 8T 
8T°o R684 SdOHS INVid* dave S16) (a) ee GL°O LTLEOT INIT JIIO—a ANNI TOTL LI 
8T°O “BES? SLINGONd SSVI19 TOSE 99 26°0 Hebeiea\ sHaPiys} avehs| Com “ST 
6T°0 99LGC SONTY3SAO) 49074 TOzT ‘G9 R6°9 790SET dSNVYl ANI datd 90S9 GI 
6T°0 86192 S13S AlL*OrTavy 109s) 679 6°0 £>69ET YSHLO LSNOJ M3N SOT 71 
61°0O S0292 €Ny IX3 JuyvMLOO4 ZOvE 12:9 SORT 84 79%T SAVMIH LSNOD MIN vAQ EL TEA 
02°0 9TB8L2 LYOdSNVAL ALV G0S9 29 f0°T RE YOST 1N 81d LSNOD M3AN (AOE = ral 
Lig ROR 1INOdSNVYL TIVY 1069 19 Seo OSENLT LYUW HIYId 4 VAVddd 7O8T TT 
te-0 6G182 Y¥3S 3Oudd JSIW 0S 09 0S°*T 978LI2 $191004%d 174W TO¥T OT 
tes0 89962 AYINOILIA4ANC D O24¥T 66 Wey her aard 3ecyyl 31VS 1OHM T069 6 
2Z°0 YOEOE $993 *Ax1LI1NOd ron | RS 76" sd KEY UES} W3H) DHO—O9NONTI 10l2 8 
Een0 SSG4UTE ASHIXVMSONTHINYL €0S9 165 (HSN A 4G02GF S2xANON LSNOD MAN COLT 92 
e250 E69TE $3113 49919 OG teks TANG C4¥CS HH LYVa 3 HAA AOLOW £06S 9 
ee=0 HOLTE NAAfLINYS NAZOH4 Slt SiS BOG ZTST0sS S34 1LSNO) MIN TOIT S&S 
€2°0 C¥277E QG6yd 1351S VOLE YG LQ°%4 GE9IZLI WOYMLAd GINIsay TOTE 
E220 9RBECE ADTAXSS SNd IST TOEL eS REL 9TERRO J9VaL WIVEAY cu69! = 
7e~0 LSEEE waS Jay SINWSNWY COOL 2G Sips) L4S988 SssPiUocayi dar Sieh} TORO 2 
Sz°0 SY LT eS oh a LHOdSNV AL TWV907 70S9 = =—G SEIS GOTELYY SsHUBMNauay $37) cos9. I 
(N1@ NOI111¢) (Ve NoPDITS) 
Wwio1l 39 Oa eI Nba SWYN AUYLSOGNI YOLI9IRS ANY AVA SD) d3ay¥Inods AWVN AYLSNINI wOLIAS ANVY 
IN39Dd5d SVD IWHNLYN EN 2D 3 aid SVD WaANLVN 
LAdLNO YOLIAS IS ONVWS0 TANIS £951 1L33w OL JaeINo2y 
$¥9 TYYIVLYN akpuayl 


oT°o 
oT°Oo 
OT°O 
o1°o 
OT°O 
T1°0 
TT°o 
Tt°0o 
2t°o 
rae Gel 6) 
CA o(0) 
er 20 
zt°o 
2T°O0 
€T*0O 
€T°o 
€T°o 
»T°0 
wIF0 
¥T°O 
sT°o 
ST°O 
st°o 
st°o 
ST°O 
st’0 
9T°0 
9T°0 
9T°0 
9T°O 
L1T°0 
£T°O 
iT°O0 
8T°O 
8T°O 
6T°0 
6T°0 
6T°0 
6T°O 
wie) 3 
02°0 
te50 
T2°0 
cé-0 
22°0 
22°0 
€2°0 
e250 
€2°0 
92°0 


WwiOl 40 
4IN39U3d 


RORY 
€OTRY 
11684 
2800S 
9480S 
8952S 
LYLES 
9G15S 
498SS 
TSTLS 
9508S 
84E8S 
£€£S66S 
1296S 
11029 
TLEC9 
SrES9 
29499 
GSLEB9 
€TOOL 
90602 
ZEBTtL 
€092L 
€Scel 
S86EL 
€S9%L 
Ovyll 
5808L 
8806l 
¥S96L 
40208 
9T608 
88eEes 
£€61TS8 
€8298 
19926 
SL9OE6 
19246 
96446 
71296 
STEL6 
96800T 
OLTYOT 
TS440T 
so090T 
69T60T 
06960T 
LESITT 
940ETT 
ZLESCT 


(Nis NOI1V119) 
G3y¥1Nd34 
ADYINI AUVWId 


S3H9VC)D YITIVYL 
3S$33H) 

S3ayVMeH J14193972 
WIIW OASNAGNOD 
AYFISOH 

NOLLOD 

HIVW ONI WID3dS 
HIVW ONILNdWOD 
SdOHS LNV32A ‘dvd 
dyaLing 

03 JIHdVYNCLOHd 
AMGNNVY1 J1OHeH 
GQO¥d Y3dVd ANOD 
ONIHSIVGNd YOOS 
NY¥N4 GIOHeH GOCM 
SHY3dVdSMIN 
SIIASV1d 
A1LWID3AdS JINNVI 
SdOYD ISIWSLOIA 
wv34a) 3dI 

Siwv9 

O03 91Y¥d3e DTOHeH 
HDVW OT¥S94 

S110 9NIWOOD 
MYOM JLVId AVA 
O0¥d Y3dVd LINVS 
YINA LAOD 3074*1S 
xVONS 

SONIYSANDD 40074 
ST1VIW ava avoxd 
SONTHSINYNS 3ASNOH 
Y¥3S 4NYd ISIW 
ONIQVINGd IHS 
dINDA LAVHDYIV 
S$13S AL‘ OIGVY 
SDIAYAS SNE ISIW 
any IX3 JayvMLOOS 
S$1¥3¥39*uno14 
Suvd L335uLS SHH 
Y3aS JAyX* LNWSNWY 
NAA*LINYS N3AZO84 
AYANOTILI3S4NO9 
S$17310H 
NOTLVeVds¥d GOOF 
SNIVvuYud Q334 
S3IINAOV LIGIyYD 
ONTYNVG 

$994 *AdlNOd 
SYNTY¥D L305 
S3TISSIwW JASGINI 


JWYN AXMLSNONI 


iINdiNO YOLIAS 4d 


9019 
€OoT 
5056 
+O%T 
ToRT 
102 

902+ 
TOTS 
E072 
ZO%T 
E09 
£0%S 
10%7 
€092 
1022 
1092 
1082 
R0%T 
S02 

SO+T 
€0%9 
Z0%S 
€02S 
6741 
200% 
S0%7 
£062 
61> 
TOLT 
1091 
2061 
€0€L 
TO19 
+009 
1096 
TOEL 
Z0%€ 
bI>T 
019 
2092 
EThT 
O2>1 
To72 
ZE oT 
202 

2002 
1002 
20T 

2251 
10€T 


401935 


(oron 
64 
26 
16 
96 
G6 
56 
4 
26 
16 
06 
6a 
a8 
128 
98 
GR 
58 
£A 
28 
Te 
oR 
61 
Ql 
ll 
9L 
Sl 
+L 
€1 
aL 
WZ 
OL 
69 
89 
19 
99 
S9 
59 
€9 
Z9 
19 
09 
6S 
8S 
1S 
96 
SS 
4S 
€S 
2s 
1S 


>INVY 


ou 


92°0 
BESO 
82°0 
82°0 
82°0 
42°O 
62°0 
ce*0 
2€°0 
ces'0 
€e"0 
7E 0 
S€°0 
S¢e70 
1€e€°0 
6€°O 
0%°0 
E20 
84°O 
64°0O 
€S°0 
£€S°0 
€S°0 
7S50 
9S°0 
8S°0 
09°0 
£950 
99° 0 
99°0 
219°0 
69°0 
69°0 
EE=0 
8L°0 
00°T 
Wile 
SAS 
phe 
Wey 
69°T 
YE VI 
O9* 2 
GE°E 
6E°E 
Seay, 
6757 
10°8 
G2°6 
Lee aca 


Widl 43 
IN39443d 


€96T 13 
Wid 


127921 
TO9TET 
O24vET 
BoTLET 
B9ZRET 
TOS6ET 
EEVE71 
€4724ST 
ZREOST 
SS99GT 
8E+O9T 
€00E9T 
278691 
b669LT 
TELELT 
120681 
€2ZF 61 
142622 
ORTZE? 
YOEOK? 
9T1SS2 
0919562 
7SR9G2 
£0Z2E92 
128692 
GECZR2 
GEEN62 
O6ESOE 
YOLOCE 
OOT22e 
RYE6ECE 
C69EEE 
LST9EE 
SEBELEe 
SHOBLE 
SST 787 
TET 9S 
240909 
96T8S9 
TLIOERD 
8S85TR 
992968 
O£9S9TT 
EvVeBZ9T 
§96949T 
09€%S0Z2 
9LOBLTZ 
LLEOZ6E 
¥SOZ2644 
SYBTOSTT 


(Nia NOI11T9) 
G3ayINb3ay 
ADMINA ANVWIHd 


W OL DaxINDIY 


S311L45yuV9I9 
SNOTLVIINAWWOD 
S3uIL 

dSNVYUL INIT JdId 
Y3S HLIV3SH *03W 
SLSTLN390*S¥01990 
d3ay¥d L3710L 
SINIONA LAVADIV 
Odd 1331S 
LAVYDATV 

GQOY¥d NAH) ISIW 
AMAINIHIVW LSNOD 
AUIS LINVS*4310M 
AYINIHIVW Wav 
J3SA* LINAS GINNVI 
$9140 

063 NNWwOd AL—Y 
ulvd3ay OLNV 
LHYOdSNVYL 1997 
Ajd JIIOHOI1V 
LYOdSNVYL TIVY 
Su3IHdVd UNSNI 
d3y¥d ONINVIT9 
¥3S IWNOILVINGS 
S1V¥LIdSOH 
SLINGONd AYINVE 
JDIAYIS IWNOSY3d 
940 LIAOYdNIN 
YH1O0 1SNOD LNIVW 
W1IW GINI 
ISHIYVMS ONT WINALL 
LYOdSNVUL YTV 
LYOdSNVYi YILVM 
Jivis3a W394 
ONO 9IJO—43NMID 
Y3HLO LSNOD M43N 
19 €Nd LSNOD MIN 
LVW HIYNd* THVddV 
WIHD IYO—9YINI 
SAYWMIH LSNOD MIN 
S1L9NGOdd LVIW 
3GV3¥1 31VSTOHM 
S3YNON LSNOD MIN 
§34 LSNOD M3N 
LYVd 3 HSA YOLOW 
Ja0veL WIVL3AY 
ONINIW 1¥99 
S3SILIVIAN 9373 
S3ILIVILN SV9 
VWONLjd GINIIJI4¥ 


AWYN AdLSNONI 


TOSTt OS 


0099 64 
TOZE 8% 
90S9 LY 
€OlL 9% 
TOLL SY 
£062 
2009 £4 
HOLE ZY 
LOO Ty 
40L2 O04 
TO0S% 6€ 
£089 8E€ 
O0%>4 LE 
604T 9€ 
1062 SE 
4509S ¥%E 
OOSL €€ 
20S9 2E 
icles 
TOS9 O€ 
“OOL 62 
2067 82 
SORE L2 
COLIN? 
B8T%!l Sz 
COCL 772 
SGOlLL €2 
CUiah mee 
9041 T2 
£0S9 02 
S0S9 61 
“0S9 8T 
COME SET 
TORE So 
SOTT ST 
SOTT 19% 
“OST €T 
WORT er 
VOT IT 
TO”T OT 
1069 6 

CAI 

LOnT 2 

€06S6 9 

2069 & 

OOL vv) 

Logo & 

2089 2 

LOTTE sy 


YyOLIISS INVA 


8 


3. ENERGY INPUT ANALYSIS 

When you purchase anything, you are using energy. This statement holds 
equally for an individual consumer and a factory manager. With energy prices 
rising, and dependability of supplies increasingly threatened, there is good 
reason to know the details of one's dependence on energy. 

This section discusses the analysis of a firm's energy requirements 

through its inputs -- its purchases of fuels and other goods and services. 

We shall ask questions such as: of all the coal required to make a car, how 
much was supplied directly to the auto manufacturer? How much was needed 

to make the steel that was shipped to the auto manufacturer? The glass? The 
rubber? And so on. 

This information may be used in several ways. 

1. If a firm desires to conserve energy, this information would indicate 
the relative impact of various schemes. 

a. Conservation by improved efficiency. For example, a hypo- 
thetical factory might machine aluminum. What are the relative 
energy impacts of a 5% decrease in electricity use (more ef- 
ficient lighting) and a 5% decrease in the use of bulk aluminum 
(by more careful machining techniques? ) 

b. Conservation by substitution. For example, switching from 
plastic to paper wrapping materials. (This would require a 
knowledge of the energy intensity -- e.g., total Btu's per 
unit of service rendered -- of the two alternatives). 

2. Even if a firm has no conservation ethic, it would like to know which 
of its inputs (besides energy!) is most likely to increase in price 
or become scarce as a result of energy shortages. For example, 
chemical fertilizers are very energy intensive, and account for 
approximately 20% of the total energy requirements of the feed grains 
industry. 

The energy coefficients developed in ref. 1 allow conversion of the list 

of dollar purchases by a firm to the energy needed to produce them. A firm 
ean thus, in principle, construct its own energy flow picture. This is a 


non-trivial task, however; see Appendix C. 
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In this report we have performed input energy analysis for the 360-odda 
sectors of the U.S. economy (for 1963) as defined in the U.S. Department 
of Commerce Input-Output study [2]. These sectors represent aggregates 
and averages appropriate to the U.S. economy at that time, and do not neces- 
sarily describe any particular firm. The results can be used in two basic 
ways: 

1. To give a detailed picture of the energy input structure of each 
sector, and the variation of this structure from one sector to 
another. 

2. To offer, for a given type of firm, the national average energy 


flow. This allows a manager to compare his own firm with the average. 
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3.1 Theory 
This section goes into some detail, and many readers may find it non- 


essential. We suggest that the reader with limited time skip this section, 
read the results (Section 3.2), and return to here if it then seems de- 
sirable or necessary. 

The basic purpose is to demonstrate how we assign an energy value to 
a non-energy purchase. Every product requires energy to be burned some- 
where, and hence has an embodied or implied energy. A manufacturing pro- 
cess will receive energy embodied in all its inputs, add more (the direct 
energy burned in the process), and pass the total along as embodied energy 
in its output. 

Assume for now that there is one energy sector, denoted by k = e. 


Then the energy flow picture for a non-energy sector is: 


N > 
5 ae ope) k 


j=1 in input j energy embodied in k's output 


EL. 


Figure 2. Energy balance for a non-energy sector 


Ideally, dissipated (burned, consumed) energy should be allocated among 
products on the basis of physical units like tons of steel, gallons of milk, 
etc. The method of ref. 1 approximates by assuming that embodied energy is 


allocated according to dollar sales. Thus the energy flow pieture (is 


N : : x, 
ni E.2x k 
ged. Jk 
E. 
Figure 3. Allocating energy using dollars 
where ¢«, = 


k ~ amount of embodied energy per dollar's worth of k. 


ala 


Xa is the dollar transaction between sectors i and k, and x, is the 
total dollar output of k. ey is computed in ref. 1. The calcu- 
lation is based on figure (3) with additional assumptions from input-output 
theory. If k is the energy sector (e), the picture is modified: 


N 
xX 
j#1 “ise “eve 
E fuel resource eae 


Figure 4, Energy balance for an energy sector 


Figure 4 illustrates the special case in which k is the energy sector, 
e. Here the energy resource involved (including both domestic production 
and imports of, that resource) is passed on as energy, Beis and is not al- 
located by dollars. The energy content of purchases made by the energy sec- 


tor from other sectors ( = € 5X5 Q)> however, and the energy dissipated in the 
Jae 

energy sector (E) are allocated by dollars in the same way it would be done 

in the non-energy sector illustrated by Figure 3. Therefore, a sale of energy 

by sector e contains an energy content (based on the physical unit - say kWhr ) 


* 
and an embodied energy based on the dollars paid for that energy . 


From the above picture (Figure 3) for a non-energy sector, we can 


break down the inputs to sector k thus: 


ex 
ay x 100, (j = 1,N) = percent of sector k's total energy 
k inputs from sector j allocated by 
dollars. The energy sector e is 
included. 


*This "mixed" treatment could be avoided such that the actual Btu's sold 
would allocate all energy. The mixed treatment was used in Ref. 1 and 
we use it here, but a different treatment is being studied. 
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Ey percent of sector k's total energy inputs 


eLx, x 100 = represented by actual Btu content of direct 


energy purchases. 


Energy sectors are more complex to analyze; see Appendix B. More 
details of the theory, and the correspondence with ref. 1, are discussed 
in Appendix A. 

There are five energy sectors in the Department of Commerce Input- 
Output data. Several are secondary energy producers, which convert part 
of their energy inputs to other forms for sale. The primary-secondary 
energy question leads to a problem. 

Our scheme so far has let "dissipated" (burned) energy be allocated 
by dollars - an approximation. If we extended this to several energies, 
we would treat the coal energy dissipated in electricity production the 
same way. (This is typically two-thirds of the coal so used.) The amount 
of this coal implied by a purchase of electricity would depend on the 
dollars spent for the electricity, not the actual kWhr delivered. Physi- 
cally, this seems unreasonable (since the price of electricity varies 
greatly) - and it can lead to contradictions. From this type of treatment 
one could find, say, that a certain purchase of electricity implies a smaller 
number of Btu's of coal burned in power plants than is delivered as elec- 
tricity, which violates the conservation of energy. 

We, therefore, want a scheme that explicitly allocates this coal on 
a physical basis. A method was developed in ref. 1, Section IIC. 

For illustration, consider an economy with two energy sectors, coal 
and electricity. Much coal is burned to produce electricity, but little 
electricity is used in coal mining. First, recall that in the absence of 
such a scheme, the electric utility's coal energy balance would look like 
this: 


N 
421 °15%Je Tape emer aT 


~~ 0(No coal output) 


E 
ce 


Figure 5. Coal energy balance for the electric utility sector without 
coal allocation scheme. 


Where c = coal, e = electricity. Here all coal burned in sector e is allo- 


ioe —— CCU 


cated by dollars since no coal is sold (as coal) by this sector. 
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With the allocation scheme, the electric utility sector's picture is: 


C.2E 
ce ee 


Figure 6. Coal energy balance for the electric utility 


sector with allocation scheme. 


Note the definition of Cue in the figure, and that no coal dissipation in 
the electric utility sector is shown. 

Sector e now is said to allocate all of its coal input on the basis of 
its electricity output. The only coal dissipated (burned) in e is that 
implied by e's self use of electricity (transmission losses, etc.), and only 
this is now allocated by dollars. 

An arbitrary non-energy sector in this economy will thus have a separ- 
ate electricity and coal balance, but they will be related by this physical 


allocation scheme: 


N 
je1e 5% 4x rr 
N -~- 

~~? ea 
eee ek*k 

\ 
(Ete Foy) E ok 
Coal 
------ Electricity 


Figure 7. Combined coal and electricity balance for a non-energy sector 


(Solid arrows refer to coal and the dotted arrows to electricity. ) 
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The electricity balance looks the same as before (Fig. 3), but the 
coal balance contains an added tern, CoH eK? which is the additional coal 
dissipation implied by consuming electricity. 

In ref. 1, we applied this approach to handle a total of 5 large 
energy flows from primary to secondary sectors (coal > electricity; 
crude + refined petroleum, gas utilities; refined petroleum > elec- 
tricity; gas utilities + electricity). That is, they were "allocated" 
using the matrix ¢ and were not shown as dissipated in the secondary 


energy sector. The balance for a non-energy sector is: 


N 
peers 
Foeeds ae Ks Sayer: 


5 


ger “42K eK 


Figure 8. Non-energy sector with allocated energies 


where i and & both run over the 5 energy sectors, and Cuan iL 
Figure 8 is the basis for the results we present in this report. 


The energy input breakdown is thus for sector k: 


Co, yak 
Lik + 100 (for i = 1, 5, j = 1,368) = percent 


Bryer 


of sector k's total energy input of 
energy type i resulting from k's 
dollar purchase from j. j includes 
energy sectors. 


LD 
Fuk 
= x 100 (for 1 = 1,5) = percent of sector k's total 
ik energy input of energy i as actual Btu con- 
tent of energy type i purchased. 


ety 


ie a 100" (for 1°=" 155; 2° = 1,5; except 1 =" 2) 
ikXk 


= percent of sector k's total energy 

input of energy type i allocated by 

the actual Btu content of energy 

type & purchased. 
3.2 Results 

3.2.1 General Description. Table 5 lists two sectors per page, the 

energy input analyses of the non-energy sectors of the U. S. economy in 
1963. (Energy sectors are treated in Appendix B). Each page is arranged 


thus: 


Coal Crude Refined Elect Gas Primary 


Figure 9. Layout of energy input tables 
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tn. Fig. 9 = percentage of the total energy inputs of energy type 


» & 

i to sector k RO SENS from k's direct purchases from product group 

j. i runs over the five energy sectors; i = 6 is primary energy (the sum 
of coal, crude oil and gas, and hydroelectric energies, as defined in 
Appendix A.) j runs from 1 to 42, the first five being the energy sectors. 
For the purposes of input analysis, the 368 sectors have been aggregated 
into 42. The correspondence is listed in Table 6. 


For j an energy sector, can be the sum of two terms: (1) actual 


& 
energy content (for i = j) or =e hi energy allocated through the actual 
content of secondary energy (for i # j), and (2) embodied energy allocated by 
dollar purchase. Thus S14 contains the actual Btu's of coal plus that 
embodied coal allocated by the dollars paid for coal, while Bi Ak contains 

the coal allocated through the actual kWhr of electricity purchased plus 

the coal allocated by the dollars paid for electricity. The Bi ik cover 


all energy inputs: 


42 
fel 854k = 100% 
For Asi the total inputs are broken into only two categories - actual 


Btu content of energy purchases, and everything else, expressed on a per- 
centage basis. i = 1,6 (energy sectors), j=l (actual content), 2 (every- 
thing else, including embodied energy and that allocated by secondary- 


primary allocation). 


lI™ hb 


ea Oak = 100% 


Finally, e is the energy intensity of the output of sector k (i = 1,6), 


ik 
as derived in ref. l, 


3.2.2. Example 

We shall illustrate from a page from Table 5, for k = I/O sector 2.02, 
feed grains and grass seeds. Data are arranged to be read down, along the 
columns, because they are normalized with respect to the energy intensities 
shown at the bottom of each column. Sector 2.02 purchased no coal, crude 
oil, or gas; the row entries for these energies (85 5% for j = l,2,5) are 
zero, or (equivalently), so are the direct energy fractions (Hs ix for j = 
1,2,5). Sector 2.02 did purchase refined petroleum and electricity, however, 


and these purchases implied consumption of other energies as well. 
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1. Refined petroleum. For example, of all the refined petroleum re- 
quired directly and indirectly by sector 2.02, 72.7% was required to satisfy 
its demand for refined petroleum products (85 3,4): 64.5% was actual refined 
1,3,k” and 72.7 - 64.5% = 8.2% was the addi- 


tional refined petroleum energy penalty required for the economy to 


petroleum energy content, (h 


deliver the actual gallons of fuel to sector 2.02. The remaining 27.3%(=100-72.7) 
of 2.02's refined petroleum inputs reached it via other products. A small 
amount (0.3%) resulted from the purchase of electricity; all the rest 
(27.0%) was from non-energy sources. 

Of the non-energy sources, the largest contributor was purchases from 
agriculture and forestry (of which sector 2.02 is a member); the second 
largest was from.chemicals and paints (7.7%). The former includes seed pur- 
chases, while the latter is probably due to fertilizers and similar chemicals. 
ee Electricity 

Sector 2.02 purchased 18.1% of its total electricity inputs directly 
OY an additional 19.6 - 18.1 = 1.5% was the electric energy penalty. 
6.8% was required to supply 2.02's purchases of refined petroleum; the 
remainder was embodied in non-energy purchases. 38.8%, almost two-fifths, 
was required to provide the chemical and paint inputs. 
3, Coal 

Although no coal was bought directly (hy ik = 0), 16.72 of the total 
coal inputs resulted from energy purchases (8) o3,k a; 81 4,6 10.7% re- 
sulted from the purchase of electricity. The remainder was embodied in 
non-energy purchases. 44.6% of the total coal input was conveyed by 
the chemical and paint inputs. 

Crude and gas are explained similarly. 
4. Primary Energy 


Primary energy is raw resource energy extracted from the ground plus 
a fossil fuel equivalent of hydro and nuclear electricity. 43.9% of 2.02's 
total primary inputs was purchased directly (hy 6 4)? 53.8% of the total re- 
sulted from energy purchases (66 3.x ot Sale of which the great majority 
(50.9 vs. 2.9%) came via refined petroleum purchases. Note that if the rela- 
tive weight of electricity were larger, the energy penalty ratio would be 
larger. Here it is 53.8/43.9 = 1.23; it would tend to exceed 3 if all energy 
purchased were electricity reflecting the typical power plant efficiency of 


around 32%. 
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The rest of the primary inputs, 46.2%, are from non-energy inputs. 
20.3% of the primary input of the feed grains sector is from its purchases 
of chemicals and paints, e.g., fertilizers. 

The data in this table are arranged to be read down, along the 
columns. Attempting to add quantities along rows will yield "nonsense" 
unless these quantities are weighted properly. The correct weighting 
can be obtained from the energy intensity coefficients EsK? which gives 
the total direct and indirect energy intensity of a dollar purchase of 
product k for this purpose; note that primary energy is defined as coal 


+ crude + 0.5948 x electricity. 
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TABLE 6 


Sector aggregation scheme (368 to 42 sectors) 


42-LEVEL TITLE 


COAL MINING 

CRUDE, GAS EXTRACT 
REFINED PETROL. 
ELEC. UTIL. 

GAS UTIL. 


UW & WH DF 


6. AGRIC., FORESTRY 
7. OTHER MINING 
8. NEW, MAINT. CONSTRUCT. 
9. ORDNANCE 
10. FOOD, KINDRED PROD. 
11. TEST, APPAREL 
12. LUMBER, WOOD, PAPER 
13. FURNITURE 
14. CHEMICALS, PAINTS 
15. LEATHER, FOOTWEAR 
16. STONE, CLAY, GLASS 
17. PRIMARY METALS 
18. FABR. METAL PROD. 
19. HEAVY MACH. 
20. COMPUT. MACH. 
ELEC. EQPT. 
APPLIANCES 
23. MOTOR VEHICLES 
OTHER TRANSP. EQPT. 
25. INSTRUMENTS 
26. MISC. MANUF. 
27. RAIL TRANSP. 
28. LOCAL TRANSP. 
TRUCK, WAREHSE. 
30. WATER TRANSP. 
31. AIR TRANSP. 
32. PIPELINE TRANSP. 
33. TRANSP. SERVICES 
34. PRINT, PUBLISHING 
35. WATER, SANIT. SERVICES 
36. W'SALE, RETAIL 
37. FINANCE 
38. AUTO REPAIR 
39. AMUSEMENTS 
40. MEDICAL, EDUC. 
Gi Gov't. 
42. MISC. 


* 
368-LEVEL SECTORS CONTAINED 


7.00 
8.00 
31.01 
68.01 
68.02 


je 
5,6,9,10 
1 
13 
14,15 
16-19 
20,21,24,25 


> 
27-30, 31.02, 3103532 

33-34 

35,36 

37538 

39-42 
43-50,52 

5°™ 


53,55,58 
54,56,57 


68.03 


* 
When sectors are denoted by an integer, all sectors with that integer to left of 


decimal point are included. 


Thus ordnance, 13, contains 13.01-13.07. 
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APPENDIX A. DETAILS OF CALCULATION OF INPUT COEFFICIENTS 


This presentation parallels the discussion in Section 3.1. This is 
based on ref. l. 


1. Energy balance in an economy with only one energy sector (Figs. 2,3). 


Sector k is a non-energy sector. 


N 
yaa Ea ie ar EL = ex, 


In matrix notation 


: ae! 
ex PE =e. xX where X = Se 
— =) == \ 
Oy x 
n 
e=EG-p) = ex a- x)? 
“-1 
ee X = X,,/X,. Input-Output theory assumes X,,/X, = A,, = constant for 
Bee, | is’ 4° ~T2P P y lags asa 
any value of re Next, we define a direct energy coefficient a which is 


also assumed to remain constant. 


1 


(EX), = £,/X, = 8, 


al 
Thus 


a 


—_— 


Ena RCE Le 


2. Energy balance in an economy with several energy sectors, both primary 


and secondary. Sector k is a non-energy sector. 


N 5 
fed She + ey Cy Ey fF) = re for i =) 155 


where (r) denotes that the energy flows from primary to secondary energy 


sectors have been set = 0. 
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The Input-Output assumptions have been applied again, and C is given in ref. l 
orn is the primary energy coefficient, the sum of coal, crude, and 
hydroelectric energies. 


€ = 1, + Eo + 0.5948 Ea 


3. Energy Input Analysis (Refer to Section 3.2) 


Tee A 16 RG): 
— mj) im() —mCi)k 30) jk ze 
Bak 5 x LOO, ot = 156 
ik 


where m(j) is the set of 368-level sectors contained in the a 42-level 


sector (see Table 6), and 


CoP AG ACs 4105 5948-C 
63 13 2j 44 
R(r) 
h 5 —S x 100, i= 1,5 
ilk ik 
5 
zr, R(r) 
171 loosen 6 
“6k 
Hig 7 HOO tae 


Additional note: The direct energy input percentages (hy 5) computed 
here differ from those in Section 2.2 by the factor es = Ay}. The two 
quantities answer two different but related questions. In Section 2.2 
we asked: "Of the total energy of type i required to produce one dollar's worth 


of product k, what percentage came directly to sector k as actual energy?" 
6 


el 


We implied that the unit of product k would be delivered to us, i.e., 
prevented from becoming an input to another sector -- in effect, there- 
fore, a delivery to final demand. We know that sector k must produce 
more than one unit in order for a unit to go to final demand; in fact, 
Q- Ay times as much. This factor was included in Section 2.2. 

For purposes of energy input analysis this problem does not 
arise. We want to know only what percentage of k's total energy inputs 
were actual Btu's. The question of whether the output of k goes to final 


demand is unimportant, and the factor (I - ies is not applicable. 


APPENDIX B. THE ENERGY SECTORS 


These cause some difficulty of interpretation because of the primary- 
secondary energy treatment mentioned in Section 3.1. That scheme treats 
(say) coal as if it "bypasses" the electric utility industry. If this 
interpretation is used, the electric utility's dissipated inputs will not 
include the coal, which seems unrealistic. On the other hand, the coal 
can be included as an input. This approach does not change any of the 
results we have obtained for the non-energy sectors, but does change 
the picture for the energy sectors. 

1. For an economy with a single energy sector, the energy balance 


is (compare Fig. 4): 


N 


521° 5%4e 


E +E 
earth imports Eeout Fearth’ E mporta 


Figure 10. Energy balance for an energy sector 


Then ce x 100 = percentage of total energy input to energy sector 
Gk. chk j allocated by dollars. j includes the energy 
ee eout 
sector e. 


E t +E 
ee 100 


=< ao percentage of total energy,input to energy sector 
ee eout e as actual energy content . 


* 

We have adopted the convention, consistent with Input-Output analysis, 
that the energy used by the energy sector e is sold back to itself, and 
is hence included as part of the output. 


ee 
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2. For an economy with several energy sectors, the energy balance is 


(compare Fig. 8) 


N 
g21° 45% ye ieXe 


Ciao Bode Cre cout 


5) 


921° 4 2F yp 060) 


Figure 11. Energy sectors with allocated energies 


Imports are included thus: C, =E, /E 
ie eo 


te where E, 


includes imports 


ut out 


of energy type e. 
We can define a quantity Bije in analogy to Bi ik in the main text, where 
e is an energy sector. To do this we must first define a new energy output 


coefficient for the energy sectors, defined as energy out divided by dollars 


out: 
e- Seat! jout’ aes 
Then 
) 
; ) 
= mJ) 1m) Am(i)e ‘ Cn se i Pie e ij 100. i1=<1.5 
“je “ie T “tev ave 
fi(j)"6m(4)*m(j)e + C.K... + y 
j_(r) je je 
B6ie - x 100 
“be F, Sbe e 
where Coe = Cie + Coe + 0.5948 Che? and 
Clee? ope 
‘oe a Coe? J 
0.5948 C, ., 4 = 4 


0, j = otherwise 


eh 


This involved notation is needed to preserve the notion that primary 


energy comes ultimately only from coal, crude or gas extraction, or 


hydroelectricity. 
Also, we define eee 
R(r) +C 
a Sau SAMS 
te m ere e 
bite - 
5 
=_R(r) +C, 2 
1=1 te 6e e x 100, 4 = 6 
“6e 53 Ceara 
Dio. = 100 - Die 


The quantities Bije and h are printed in Table/7. 


ije 


Table 7. Energy input analysis of energy sectors. 
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APPENDIX C. HOW TO PERFORM AN ENERGY INPUT ANALYSIS FOR A FIRM 


A single firm's dollar output is small relative to the total output 
of the U. S. economy. Hence we can assume that the energy coefficients 
appropriate to the firm's inputs are those computed for the "unperturbed" 
economy, as computed in ref. 1. Then each input purchase ($) can be 
multiplied by the corresponding energy coefficient (Btu/$) to obtain 
the energy implied by that purchase. The following rules must be 
observed: 

1. The purchases must be assigned to the appropriate Input-Output 
sector. This involves determining which standard Industrial Classification 
(SIC) covers the input (ref. 3) and then, which I/O category contains that 
SIC classification (Table 1 of this report). 

2. The purchases must be converted to producer's price, and the trade 
and transportation margins must be applied to their appropriate Input-Output 
sectors. 

3. All costs must be deflated to the year for which the energy 
coefficients were derived. The best deflators appear to be those pub- 
lished by the Department of Commerce in the Survey of Current Business 
every July. 

4. Energy inputs are treated thus: the dollars paid are handled 
as above, while the actual Btu content of secondary energies is used to 
allocate primary fuels, as shown in Section 3.1. 

5. The 1963 national average energy flows shown in this report 
are based on inputs purchased on current account. For comparison with 
the national average, one should disregard his firm's purchases of capital 
goods. For a complete picture of the firm's energy flow, capital purchases 


should be annualized. 
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